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Food borne diseases are widespread and growing public health problem in 
developed and developing countries both. In developing countries including India, the 
magnitude of food borne illness is very high. The majority outbreaks of food borne 
disease are unreported, unrecognized or un-investigated. A variety of micro-
organisms are associated with food boitte. diseases Salmonella, Campylobacter jejuni, 
S. aureus, C. perfringens and Y. enterocolitica Bacillus cereus, E. coli, Enterobacter 
spp. faecal coliforms; listeria spp.'. Shigella spp., S. aureus, S. Typhi, Streptococci 
spp., Vibrio spp. and fe/sinict-spp. (Bansal and Kaul, 2004; Amruthasri and Devi, 
2005; CD Alert, 2009). Food-safety."has been recognized as major issue with 
international trade and public health implications both at national and International 
level (Sudershan et al., 2009). There is serious concern required about the 
communication of food borne diseases and early identification of the pathogen with 
the aim of preventing these hazards from becoming real risks and causing diseases 
(Kleter and Marvin, 2009; ICEID, 2012), 
Conventional bacterial identification methods re';y on selective media and 
regarded as golden standards for the identification of bacterial pathogens. Howevsr, 
these cultural methods are time consuming and labor intensive. Therefore, there are 
great demands of rapid methods that can be useful to quickly screen la'^ ge num.ber of 
samples. The advent of molecular biology techniques has greatly improved food 
testing method. The polymerase chain reaction (PCR) based methods developed for 
the detection and identification of food borne bacteria is mainly based on 16S rRNA 
and virulence gene of specific group of bacteria which provide specific level 
identification (Linton et al., 1997; Asma et a!., 2009; Pourmand et al., 2009; iMoussa 
et al., 2010; Navidinia et al., 2012). The various virulence factors such as hippuricase, 
iisteriolysin, invasion, enterotoxin and verotoxin have been recognized and used 
specifically for the detection of C. jejuni, L. monocytogenes. Salmonella spp., S. 
aureus and VTEC respectively. The detection based on virulent genes provides an 
advantage to direct information about the pathogenic potential of the organism. Both 
conventional and PCR based methods have their own advantage and limitations 
however, the development of standardized PCR techniques will be helpful to assess 
the food borne contamination more quickly and accurately. This requires a systematic 
assessment of local food samples, both by conventional and PCR bpsed methods to 
obtain data on prevalence of pathogens in a particular region and to suggest remedies. 
The systematic investigation of various foods in majority of northern India 
here under studied has not been reported previously. Therefore, the present study has 
planned with following aims and objectives; (i) to study prevalence of common food 
borne bacterial pathogens in various foods (ii) to assess the bacterial load in selected 
food samples (iii) to detect Campylobacter jejuni, Listeria monocytogenes, 
Salmonella spp., Staphylococcus aureus and Verotoxic E. coli by standardized PCR 
methods (iv) to standardize multiplex PCR for simultaneous detection of Listeria 
monocytogenes, Salmonella spp. and Staphylococcus aureus (v) to detect 
Campylobacter jejuni, Listeria monocytogenes. Salmonella spp.. Staphylococcus 
aureus and Verotoxic E. coli in spiked food samples by cultural and PCR methods 
(vi) to assess the antibiotic resistance profile among selected strains of food borne 
bacterial pathogens. The major findings of the present investigation are summarized 
below; 
Isolation and biochemical characterization of food borne bacterial pathogens 
from collected samples 
In the present study, a total of 650 samples from various food sources were 
subjected to isolate five food borne bacterial pathogens {Campylobacter jejuni, L. 
monocytogenes, Salmonella spp., S. aureus and E. coli) using standard procedure of 
USFDA. A total of 79 pathogenic E. coli isolates were confirmed for cytotoxicity 
assay on Veto cell lines. Of these 79 E. coli isolates, only 20 isolates showed a 
cytopathic effect on Vero cells and characterized as Verotoxic E. coli (VTEC). 
Among pathogenic isolates the serotype O60 was found to be most frequent serotype 
isolated in this study. 
Prevalence of bacterial pathogens in food samples 
Based on cultural and biochemical methods the overall prevalence of C. jejuni 
was found 13.09% (72 isolates) from total collected 550 samples. Similarly, 
occurrence of L monocytogenes (3.8%), Salmonella spp. (7.4%)), S. aureus (18.5%)) 
and pathogenic E. coli (26.3%o) were isolated from their total respective samples 
screened for individual bacterial pathogen. The prevalence of C. jejuni was observed 
highest (38.6%)) from raw chicken meat followed by beef (10%)), fish meat (4%o) and 
raw milk (0.6%)). Similarly, L. monocytogenes was recovered highest (6.0%) from raw 
chicken meat followed by fish meat (4%)), beef (2.5%;), curd (2%)) and raw milk 
(1.3%). Salmonella spp. were found highest (11%) in fish meat followed by raw 
chicken meat (8%), beef (4%) and raw milk (3.3%)). The highest (36%)) occurrence of 
S. aureus was confirmed in beef which was followed by raw chicken (21.3%)), fish 
meat (15%) and raw milk (14.6%). In our study, E. coli was recovered highest from 
beef (44%), raw chicken meat (38%), fish meat (34%) and raw milk (14%). 
Enumeration of bacteria in food samples 
Food samples found positive for the presence of one or more groups of 
pathogenic bacteria were selected to assess the microbiological quality of raw meat, 
raw milk and milk products in terms of viable counts on the following parameters; 
The total aerobic plate count for various food samples understudied was from log 3.0 
to log 7.8 cfu g"'. In this study, 73.5% samples showed count between log 6.0 to log 
6.9 cfu g'' among beef samples whereas majority offish samples 60.2% showed count 
between log 5.0 to log 5.9 cfu g''. Whereas in raw chicken meat samples where 35.4%) 
samples showed TAPC of >log 6.0 cfu g"\ 
The total coliforms observed from various food samples varied between log 1.0 to log 
4.8 cfu g' . In our findings, 76.4% beef samples, exhibited values from log 3.0 to log 
3.9 cfu g", whereas, among fish meat samples majority of samples (63.6%) showed 
count between log 3.0 to log 3.9 cfu g"'. A large amount (82.7%)) of samples showed 
count of < log 3.0 to log 3.9 cfu g"' in raw chicken meat. In all (100%)) raw milk and 
curd samples the coliform count was found between log 2.0 to log 2.9 cfu g". 
In the present study, Campylobacter load of log 1.0 to log 5.8 cfu g" was evaluated. 
Among beef and fish meat (69.2% each) showed count between log 2.0 to log 2.9 cfu 
g''. Overall, 65.5%) raw chicken samples showed count between log 2.0 to log 3.9 cfu 
g-'-
The enumeration of L. monocytogenes, the count in various food samples was found 
between log 1.0 to log 3.8 cfu g"'. Among beef samples the L monocytogenes count 
was varied from log 1.0 to log 2.9 cfu g'' whereas among fish meat samples varied 
from log 1.5 to log 2.8 cfu g''. The load of L. monocytogenes was observed between 
log 1.7 to log 3.8 cfu g"' among raw chicken meat samples, whereas, two raw milk 
samples screened showed L. monocytogenes count of log 3.8 cfu g'l and log 4.0 
cfug''. 
The presence of 5. aureus among various food samples was evaluated between log 1.0 
to log 4.8 cfu g"'. The pathogen was traced between log 3.0 to log 3.8 cfu g" among 
maximum (68.1%) samples. 
The E. coli load was found between log 1.5 to log 3.9 cfu g' for various food samples. 
Overall, 84.2% samples showed count between log 2.0 to log 3.8 cfu g"'. The 
enumeration ofE. coli in raw milk found that 90.4% samples showed the E. coli count 
between log 3.0 to 3.9 cfu g" . 
Detection of bacterial pathogens based on specific gene by PCR isolated from 
food samples 
A total 319 bacterial isolates were obtained by cultural method. Further, the 
presence of specific gene confirmed by PCR for Campylobacter jejuni (/z/p'O'), L. 
monocytogenes (hlyA), Salmonella spp. (invA), S. aureus (seA) and Verotoxic E. coli 
(vti & vt2). The standardized hip'O' gene specific reaction for C. jejuni generated a 
clear band at 735 bp. The L. monocytogenes isolates identified on the basis of hlyA 
gene specific PCR assay, which generated a clear band at 234 bp. The PCR product of 
389 bp was obtained after standardized PCR assay targeting invA gene for Salmonella 
spp. identification. The seA gene based PCR assay for S. aureus identification 
generated a PCR product of 120 bp. Similarly, VTEC were identified targeting vtj and 
vt2 genes in separate PCR assay. The PCR products of 349 bp and 478 bp were 
generated from these standardized PCR assay. 
Food borne pathogens (C. jejuni, L. monocytogenes, Salmonella spp. , S. 
aureus and pathogenic E. coli) isolated and characterized biochemically were 
subjected to PCR analysis for the detection of specific gene such as hip'0\ hlyA, 
invA, seA and vt; & vt}. The PCR assay was turned out positive in 68 (94.4%) C 
jejuni, 25 (100.0%) for L. monocytogenes, 41 (100.0%)) for Salmonella and 29 
(28.4%) for S aureus and 20 (25.3%) for VTEC. 
Overall, the detection of/z/p'O'gene was confirmed in 68 (12.3%)) isolates for 
C. jejuni from total samples collected. The presence of hlyA gene was confirmed in 
25 (3.8%)) L. monocytogenes. Similarly, in 41 (7.4%)) Salmonella isolates, invA gene 
assay was turned out positive. The presence of seA gene was confirmed in 29 (5.2%) 
S. aureus whereas 20 (6.6%) for VTEC. 
Multiplex PCR (m-PCR) 
In this study, a multiplex PCR assay was designed for the simultaneous 
detection of Salmonella, S. aureus and L. monocytogenes in beef, cheese, raw milk 
samples. The samples were spiked and screened for detection of 3 bacterial pathogens 
{Listeria monocytogenes, 163 bp of origin of replication (oriC) of Salmonella 
Typhimurium and 270 bp of nuclease (nuc) gene of Staphylococcus aureus 
simultaneously both by cultural and multiplex PCR method. The concentration of 2.5 
mM MgCli, 0.4 mM dNTPs, and 10 pmol of each primer were used to give optimal 
results. 
The sensitivity of standardized m-PCR assay was evaluated by heat lysed 
DNA from 10 fold serially diluted standard cultures of Listeria monocytogenes, 
Salmonella typhimurium and Staphylococcus aureus from beef, cheese and raw milk. 
The minimum level of detection was found to be 10 cells/ml in all food samples 
examined. 
Cultural and PCR methods in spiked food samples 
The cultural and PCR methods based detection was carried out in spiked food 
samples. Analysis revealed that all bacteria were detected upto 10 cells/ml in all food 
samples by cultural and PCR method both except in case of C. jejuni, where the 
detection upto 100 cells/ml was found positive by cultural methods. However, PCR 
was turned out positive upto 10 cells/ml in both types of food samples. 
Antibiotic resistance of isolates 
A total of 119 randomly selected isolates of C. jejuni, L. monocytogenes. 
Salmonella spp., S. aureus and Verotoxic E. coli from total PCR confirmed isolates 
(183) were examined for their antibiotic resistance pattern. Therefore, different 
pathogens were tested against a set of antibiotics The C. jejuni isolates (30) from 
various food sources were examined against 9 antibiotics. Overall, the resistance 
against cephalothin (86.6%) was highest followed by co-trimoxazole (73.3%), 
chloramphenicol and tetracycline (60.0% each), erythromycin (13.3%), ciprofloxacin 
and gentamycin (3.3%) each). No resistance was observed against azithromycin and 
nalidixic acid. 
Similarly, antibiotic sensitivity against 8 antibiotics was also observed among 
L. monocytogenes and revealed highest resistance (30%) to penicillin followed by 
chloramphenicol and tetracycline (20% against each). Only 10% isolates were found 
'•esistant to ampicillin, cephalothin, ciprofloxacin, gentamycin and trimethoprim. 
Among 30 tested Salmonella isolates 10 (33.3%) isolates were resistant to ampicillin 
and cephalexin each followed by 6 (20.0%) ciprofloxacin, and 5 (16.6%)) to 
tetracycline. It was also found that no Salmonella isolates were resistant to the 
chloramphenicol, gentamycin, nalidixic acid and streptomycin. 
In most of S. aureus isolates, highest resistance (44.4%)) was observed to 
penicillin followed by streptomycin and ampicillin (27.5% each). Chloramphenicol 
was observed as most effective (3.4% resistance) antibiotic. Among 20 VTEC tested 
isolates, highest (80.0%) resistant to ampicillin and nalidixic acid was observed which 
was followed by streptomycin, tetracycline, cephalexin, gentamycin, co-trimoxazole 
and norfloxacin. In this study, muhiple drug resistance (resistance to >3 antibiotics) 
was observed among 15 (75.0%) VTEC, 19 (63.3%) C. jejuni, 07 (23.3%) 
Salmonella, 05 (17.2%)) S. aureus and 3 (3.3%) L. monocytogenes isolates. 
The findings of the present investigation may be concluded as follows: 
• The microbial contamination of various food samples are in the order of beef>raw 
chicken > fish meat > raw milk > curd > cheese. In many cases especially beef 
and raw milk samples where the level of contamination was found above the 
standard guideline, indicating poor microbiological quality of the food samples. 
• The food borne pathogens under this investigation are more commonly 
encountered in meat cultural methods were found in various frequencies among 
beef (Pathogenic E. coli > S. aureus > C. jejuni > Salmonella spp. > L. 
monocytogenes), fish meat (Pathogenic E. coli > S. aureus > Salmonella spp. > C. 
jejuni and L. monocytogenes), raw chicken (C jejuni > Pathogenic E. coli > S. 
aureus > Salmonella spp. > L. monocytogenes), raw milk {S. aureus > Pathogenic 
E. coli and Salmonella spp. > L monocytogenes > C. jejuni). 
• The bacterial pathogens were characterized further by standardized PCR method 
targeting specific gene which provided more specific detection and confirmation 
of these bacterial isolate. 
• The standardized PCR methods were further tested in spiked food samples and 
found effective for the direct detection of these bacterial pathogens. 
• To find out the PCR method more effective and economical the multiplex PCR 
(m-PCR) was developed with the three bacterial pathogens viz. L. monocytogenes, 
Salmonella typhymurium and S. aureus. Such m-PCR could be effectively used in 
spiked food samples. 
• Varying incidence of antibiotic resistance against common antibiotics was 
recorded among selected pathogens studied. Multiple drug resistant (MDR) is also 
encountered in pathogenic isolates. 
Recommendations and future work plan: 
Significant bacterial contamination among foods under investigation was found. The 
most probable reason is expected due to poor hygienic conditions and practices 
adopted by food handlers. Therefore, it is suggested that implementation of Good 
Manufacturing practices (GMP) and Good Hygiene Practices (GHP) should be 
ensured to maintain the good quality of foods. In future, the isolated and characterized 
bacterial pathogens may be further subjected to 16S rRNA analysis, development of 
more uniplex and m-PCR assay to be used in natural food samples for detection of 
these bacterial pathogens alone or simultaneously, the role of other virulence factors 
may be investigated as suitable marker and molecular linkage between drug resistance 
gene and associated virulence gene may also be explored. 
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Introduction 
Food borne diseases are widespread and growing public health problem in both 
developed and developing countries. It has been estimated that 76 million cases of 
food borne illness occurred each year in the United States, costing between $6.5 and 
$34.9 billion in medical care and lost productivity. Among food borne disease, food 
borne gastroenteritis forms a major share''(Van Fleet and Van Fleet, 2009). Above 
estimated food borne illnesses resulted hospitalization of 325,000 cases and 
approximately 5000 people died (Lister and Becker, 2010). In Canada, 2.2 million 
cases of food borne illness per year were estimated. On the other hand, in France, 
750,000 food borne illnesses were reported, of which 113,000 people were 
hospitalized and about 400 died (CDPHE, 2010). According to an estimate, food 
borne illness may be under reported by as much as a factor of 30, thus the number of 
cases of gastroenteritis associated with food is estimated to be between 68 million and 
275 million per year (Naravaneni and Jamil, 2005). According to the largest study of 
Infectious Intestinal Disease (IID) carried out in the UK to date estimated that 20% of 
the population of England (approximately 10 million persons) suffer from food 
poisonmg (Abubakar et al., 2007). Reports are available on food borne outbreaks due 
to various bacterial pathogens in Europe (Bulletin, 2004; Anon, 2005a, Palchetti and 
Mascini, 2008; EFSA;20i2). 
In developing countries including India, the magnitude of food borne illness is 
very high. The majority outbreaks of food borne disease are unreported, unrecognized 
or un-investigated. In such conditions, to estimate the exact scenario of food borne 
diseases is not possible. In India, an estimated 400,000 children below five years age 
die each year due to diarrhoea while millions of them suffer from multiple episodes of 
diarrhoea and still others fall ill on account of hepatitis A, enteric fever, etc. caused by 
poor hygiene (UNICEF, 2005). Common bacterial causative agents of food borne 
outbreaks includes members of Campylobacter jejuni, S. aureus, C. perfringens, Y. 
enterocolitica Bacillus cereus, E. coli, Enterobacter spp, Listeria spp., Shigella spp., 
S. aureus, S. Typhi, Streptococci spp., Vibrio spp. and Yersinia spp. etc. (Butool, 
2004; Bansaland Kaul, 2004; Amruthasrf and Devi, 2005; Chandras'ekaran, 2005; CD 
v.Alert, 2009; Bhunia eYal, 2009; Mandal et al, 2011). 
Food safety has been recognized as major issue with international trade and 
public health implications globally. Countries from all over the world have increased 
their efforts to improve food safety in response to the increasing number of food 
borne illnesses. The World Health Assembly has adopted a resolution (WHA 53.15) 
in which, the World Health Organization (WHO) emphasized on food safety issue 
with the aim of developing suitable integrated food safety systems to trim down 
health hazard along the entire food chain. In developing countries including India, 
food safety has been recognized as an important component in protecting the health of 
the people. Consumers have also become much more aware towards the food safety 
issues. Therefore, food safety authorities are very strict towards HACCP to monitor 
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the quality of the food products for the presence of microbial pathogens (Sudershan et 
y 
al., 2009; Brankicaetal., 2011), 
As a consequence, the various international projects dedicated to the early 
identification of hazards (SAFE FOODS sponsored by the European Commission 
Directorate for Research's Sixth Framework Program, EMRISK funded by the 
European Food Safety Authority, etc.) were reviewed few years back. With the help 
of these and other programmes, the indicators of the emergence of certain pathogens 
based on trends towards increased incidences may be obtained by trends in data 
generated from surveillance. An example of such a surveillance program is PulseNet, 
a collaboration of US state public health laboratories which also cooperates with 
several laboratory networks in Europe, Canada, Japan and other Asian and Latin 
American countries in the research on outbreaks of several pathogen micro-
organisms. However, developing countries including India are not able to provide 
accurate data on their incidence or prevalence, and surveillance programmes. 
Furthermore, even when there is a reporting system, only a small proportion of 
episodes of food borne diseases ever come to the attention of public health authorities 
(Kleter and Marvin (2009). In India, National Centre for Disease Control (NCDC) has 
also introduced Integrated Disease Surveillance Programme (IDSP) which is a 
national surveillance programme and based on surveillance and early information of 
various diseases including food borne illness (Murhekar et al., 2009). It is found that 
many of the health problems resulting from food contaminants do not figure in 
statistics of food borne diseases (ICEID, 2012). Therefore, there is serious concern 
required about the communication of food borne diseases and early identification of 
the pathogen with the aim of preventing these hazards from becoming real risks and 
causing diseases. 
Antibiotic resistance is a well known phenomenon in nature that imparts role 
in public health. It becomes increase many folds due to human misuse and neglect 
(Kapil, 2005). The resistance reported among common food borne bacterial pathogens 
viz. Campylobacter, Salmonella, Listeria, Escherichia coli 0157 and 5'. aureus is 
increasing regularly. The seriousness of food borne infections is reflected by 
increasing hospitalization rate. The health impact of these food borne infections is 
become more serious because of the growing rate of antimicrobial resistance among 
these food borne pathogens. In these days, threat has become global due to rapid 
dissemination of resistant organisms from one part of the world to another (Swaffz, 
2002). Several studies have been conducted to monitor the pattern of resistance 
among these food borne pathogens. In developed countries, several health agencies 
such as National Antibiotic Resistant Monitoring System (NARMS) in U.S. are 
monitoring the antibiotic resistance regularly (IDSA^,011). However, in most of 
developing countries including India, no such systematic monitoring exists. 
Consequently, no exact information is available on antibiotic resistant strains of these 
food borne pathogens. This may lead further rise of more threatened infection due to 
these drug resistant food borne bacterial pathogens (Vila and Pal, 2010). Therefore 
there is a regular monitoring required among important food borne bacterial 
pathogens to avoid the further rise and spread of the antibiotic resistant strains. 
Conventional bacterial identification methods to enumerate and isolate viable 
bacterial cells in foods were based on selective media and regarded as golden 
standards for the identification of bacterial pathogens. However, these cultural 
methods are time consuming and labor intensive. Another inherent problem in the 
detection of food pathogens is that they are generally present in very low numbers 
(less than 100 CFU per gram) in the myriad of up to a million or more other bacteria. 
Hence, these microbes may be lost among a background of indigenous microflora, 
and matrix substances present in the foods themselves may hinder recovery. There is 
also the problem of demonstrating that the strains recovered from a food sample are, 
indeed, pathogenic to human beings (Iyer and Kumosani, 2010; Mandal et al, 2011). 
Therefore, molecular techniques based on PCR have been developed to detect 
various food borne pathogens. These methods are specific, faster and often more 
sensitive than conventional methods in testing for microbial contaminants in food. 
With the advent of 16S rRNA gene sequencing it is now generally accepted that 
species delineation may be based on 3% sequence divergence between a novel species 
and its closest relative provided and the corresponding phenotypic data allow 
differentiation from already recognized species of the genera in question. It is clear 
that an isolate if represents a new species, but shows less than 3% divergence with the 
nearest relative, DNA-DNA hybridization data is required along with phenotypic data. 
There are currently no specific guidelines with respect to subspecies delineation, only 
that there are recognizable phenotypic differences. Various genetic fingerprinting 
techniques, as well as genetic marking, have proven useful in subspecies 
discrimination or strain differentiation (McCartney, 2002).The advent of gene probe 
techniques has allowed the development of powerful assays by which particular 
bacterial strains can be rapidly identified without the need for isolating pure cultures 
(Hoorfar,2011).'2^ 
The polymerase chain reaction (PCR) based methods developed for the 
detection and identification of food borne bacteria is mainly based on 16S rRNA and 
virulence gene of specific group of bacteria which provide specific level of 
identification. The various virulence factors such as hippuricase, listeriolysin, 
invasion, enterotoxin and verotoxin have been recognized and used specifically for 
the detection of C. jejuni, L. monocytogenes, Salmonella spp., S. aureus and VTEC 
respectively (Linton et al., 1997; Asma et al., 2009; Pourmand et al., 2009; Moussa et 
al., 2010; Navidinia et al., 2012). The detection based on virulent genes provides an 
advantage to direct information about the pathogenic potential of the organism 
(Alarcon et al., 2004; Blaiotta et al., 2004; Iyer and Kumosani, 2010; Lopez-Compez 
et al., 2012). The PCR based identification requires further standardization based on 
the nature of food, amount and type of contamination present. The development of 
standardized rapid techniques will be helpful to assess the local food borne 
contamination. 
Some reports are also available in Indian context, however, systematic 
investigation of various foods in majority of Northern India hereunder studied has not 
been conducted. Therefore, considering the global and National importance of food 
borne illness and the lack of concerted effort in India, the present study has planned 
with the following aims and objectives. 
1. To study prevalence of common food borne bacterial pathogens in various foods 
collected locally, using cultural methods. 
2. To assess the bacteriological load in selected food samples. 
3. To characterize Campylobacter jejuni, Listeria monocytogenes, Salmonella 
spp.. Staphylococcus aureus and Verotoxic E. coli targeting specific gene by 
using standardized PCR methods. 
4. Cultural and PCR method based detection of selected bacterial pathogens in 
spiked food samples. 
5. To standardize multiplex PCR for simultaneous detection of Listeria mono-
cytogenes, Salmonella typhimurium and Staphylococcus aureus. 
6. To assess the antibiotic resistance profile of selected isolates of food borne 
bacterial pathogens. 
Review of Literature 
Food is essential for life of everyone. Therefore, the safety of food we 
consume always brings much attention. Consumption of food contaminated with 
pathogens may pose a risk since in some cases a very low infective dose is enough to 
cause illness. Campylobacter jejuni, Listeria monocytogenes, Salmonella, 
Staphylococcus aureus and Verotoxic E. coli have been recognized as most frequent 
cause of food poisoning. Several studies and reviews have highlighted the 
contribution of changing demographics in the United States with the increased risk of 
food borne illness. In the United States, incidence of food borne illness is documented 
through FoodNet (a reporting system used by public health agencies that captures 
food borne illness in over 13% of the population). The bacterial agents responsible for 
most cases of food borne illness are Salmonella, Campylobacter, and Shigella from 
ten pathogens tracked by FoodNet. The estimated number of cases and mortality rate 
are considered for bacterial, viral, and parasitic cases of food borne illness, 
Salmonella causes 31% of food related deaths, followed by Listeria (28%), 
Campylobacter (5%), and Escherichia coli 0157:H7 (3%o) (IFT, 2004). In addition, 
food contaminated with antibiotic resistant bacteria could be a major threat to public 
health as the antibiotic resistance determinants can be transferred to other pathogenic 
bacteria., causing compromise in the treatment of severe infections (AFIC, i()03; 
Anon, 2005; Iroha et al.^ , 2011). 
The identification of pathogen associated with food borne illness can provide 
the information about the source of the outbreak. In this view, early detection is 
becoming increasingly important as countries move towards industrialization. Rapid 
investigation of food borne disease outbreaks is crucial to prevent them from taking 
on massive proportions. Therefore, a rapid method not only provides instant or real 
time results but also reduces the identification time (Mandal et al., 2011). 
Conventional methods normally used are time consuming and sometimes show 
difficulty in identifying pathogen. Immunological methods like ELISA are the earliest 
and probably most prevalent format and antibody assays used for pathogens or toxin 
detection in food including 16-24h enrichment. However, the incubation time for 
agglutination, immunodiffusion and turbidometric assays are very short. The 
molecular biology principle methodologies emerging for the rapid diagnosis of food 
poisoning are polymerase chain reaction (PCR) based, that amplify and detect 
DNA/RNA of the pathogen. The technique may significantly reduce the detection 
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time for pathogens in food and faecal samples, compared with traditional culture 
methods (Mandal et al., 2011). This review study is focused on prevalence and the use 
of rapid assays for five food borne bacterial pathogens; Campylobacter jejuni, L. 
monocytogenes, Salmonella, S. aureus and Verotoxic E. coli. 
2.1 Campylobacter jejuni 
Campylobacters were observed in stools of dian^hoeic infants in Germany as 
early as 1880. However, the first recognized identification was made in 1913 in sheep 
abortion whereas confirmatory assays were carried out in 1918 from aborted bovine 
foetuses. Due to spiral appearance the organisms were originally assigned to the 
genus Vibrio, and were named as Vibrio fetus. The genus Campylobacter was 
proposed in 1963, as it was realized that the organisms were not able to utilize sugars 
and had a varied G+C content to that of Vibrio spp. C. jejuni and C coli were named 
by Veron and Chatelain in 1973 which cause Seterocolitis, Now. the genus 
Campylobacter has been classified under family Campylobacterlace&e (Trachoo, 
2003; Ryan and Ra / 2004; Skirrow, 2006; Boyson^ 2012). 
Campylobacteriosis has been recognized as the cause of typical muscular pain, 
headache and fever (known as the "febrile prodrome") followed by watery or bloody 
diarrhoea, abdominal pain and nausea. Symptoms may last 1 day to 1 week or longer 
(usually 5 days). Excretion of the organism in stools occurs on average for 2 to 3 
weeks and is mostly self-limiting. Hospitalization has been reported in up to 13% of 
cases. The attack rate is around 45%. In long term effect Campylobacteriosis is cause 
of chronic sequelae in the form of Guillain-Barre syndrome (GBS). The frequency of 
GBS resulting from Campylobacteriosis has been estimated as 0.\% (Altekr£se et al., 
1999) and can occur one to three weeks after enteritis. In treatment of 
Campylobacteriosis, erythromycin or norfloxacin are usually recommended. Strains 
resistant to erythromycin and norfloxacin have been isolated from a small number of 
Campylobacteriosis cases in New Zealand, whereas infection may have acquired 
overseas (Lake et al., 2007; CDMP, 2012). 
2.1.1 Status of C. jejuni in all over World and incidences in foodstuffs 
Campylobacter are the major cause of diarrhoea in Europe, US and other 
industrialized countries. In England and Wales, with over 50,000 reported cases in 
1997, Campylobacteriosis was the most commonly reported cause of human 
7 
gastroenteritis cases and most of the Campylobacter isolates reported were C. jejuni 
and C. coH (Frost et al., 1999). In Ireland, the National Disease Surveillance Centre 
(NDSC) reported 2085 human cases of Campylobacteriosis in 1999, with an incidence 
rate of 57.5 cases per 100,000 populations (Whyte and Igoe, 2000). The national 
surveillance system of Norway reported that the incidence of Campylobacter infection 
had almost doubled from 1992 to 1997 and in past years, reports of 
Campylobacteriosis had increased sharply and reached up to 63.9 cases per 100,000 
population in 2001 (Kapperud et al., 2003). According to a report on Campylobacter 
infections, approximately 1 million cases of food borne illness due to Campylobacter 
spp. occur annually in the USA (Adedayo and Kirkpatrick, 2009). Unicomb et al., 
(2009) reported summary of outbreaks from 2001-2006 in Australia. A total 33 
outbreaks were noticed, affecting 457 persons. 
Campylobacters have been isolated from food items such as poultry meat, raw 
/ ' 
milk, pork, beef, lamb, and seafood (Duffy et al., 2001; Gharst et al., 2006; Madden et 
al., 2007; Milnes et al., 2008; Little et al., 2008; Bostan et al, 2009; EFSA, 2010b; 
Sammarco et al., 2010; Lawes et al., 2012; Rahimi et al., 2012a). Few studies have 
explored the presence and survival of Campylobacter spp. in milk products. The 
preparation processes of Brie and Camembert cheeses or hard and semi-hard cheeses 
seem unfavourable to Campylobacters (Bachmann and Spahr 1995; Medeiros et al. 
2008), and the survival of C. jejuni in yoghurt is poor (Birk and Knochel, 2009), 
Campylobacter jejuni is the leading cause of human bacterial food borne illness 
worldwide (Wesley et al., 2000). Campylobacter is also the second most common 
causative agent of food borne outbreaks in EU, even though most reported cases of 
Campylobacteriosis are sporadic in nature (Roasto et al., 2010). 
2.1.2 Status Qii Campylobacter in India 
In a study, the carriage rate of C. jejuni in diarrhoeic handlers and apparent 
healthy handlers was 16.6% and 18.8% respectively. Carriage rate for C coli among 
healthy handlers was determined to be 2.2% (Rathore, 1989). Studies carried out in 
rural population near Calcutta, the isolation rate was found to 11.5% in diarrhoeal 
cases and 11.1%) from non-diarrhoeal cases (Sen Gupta et al., 1991). In another study, 
Rathore (1989) has reported 8.5% isolation rate of C. jejuni from cattle faeces and 
20% and 53.3% isolation rate from sheep and pig faeces from Kolkata, respectively. 
Khan and Khanna (1992) and, Khurana and Kumar (1996) reported 20% 
isolation rate from Bareilly (UP) and Hisar (Haryana) respectively. From Calcutta, 
1.9% isolation rate of Campylobacter spp. was reported from chevon (Das et al, 
1996). In another study, Singh (1998) reported 8.33%) isolation rate of C. jejuni from 
chicken meat surface swabs and 6.94% from chicken meat in Ludhiana (Punjab). In 
another study, no C. jejuni was isolated from chicken meat products as well as goat 
and sheep meat. Garbyal (2000) has shown 37.41% positive chicken samples from 
Bareilly (UP). Kumar et'al., (2001) reported that C. jejuni is also present in 
vegetables. Khan and Khanna (1992), and Garbyal (2000) have reported 2% isolation 
rate of Campylobacter spp. from Bareilly (UP) respectively. Kownhar et al., (2007) 
reported Campylobacter jejuni among hospitalized HIV infected versus non-HIV 
infected patients with diarrhoea in southern India. A prospective case-control study 
was conducted to determine the association between Campylobacter jejuni infection 
and childhood Guillain-Barre syndrome in the Indian population. The study found that 
27.7% patients were infected with C. jejuni (Kalra, 2009). The isolation of C. jejuni 
was also reported in human stool samples with frequency of 8.5%) from Meghalaya 
and Assam hospital (Rizal et al., 2010). In the last decade, investigators have reported 
varying incidence of C. jejuni in different foodstuffs including sea foods from India 
(Bandekar et al., 2005; Singh et al., 2009; Patyal et al., 2011; Singh et al., 2011). 
2,1.3 Detection of Campylobacter jejuni from foods 
2.1.3.1 Conventional methods 
A number of media formulations have been proposed for the isolation of the 
Campylobacters by various workers, and their number probably exceeds that for any 
other group of bacteria (Correy et al., 1995). The isolation of "related Vibrio" (as 
Campylobacter were then known) was based on the use of membrane filtration 
followed by subculture onto nutritionally rich blood agar, before the medium of 
Dekeyser et al., (1972). The method used by Dekeyser and co-workers in 1972 
included a combination of centrifugation, filtration through a 0.65 ^m membrane 
filter and the plating of the filtrate onto a selecfive agar. 
Clark and Duffy (1978) used enrichment medium for transport and enrichment 
of samples of perpetual liquid for C fetus. The medium constituted of 300|ag/ml of 5-
flourouracial, 100 lU/ml of polymyxin-B sulphate, 50 |ig/ml of brilliant green, 3 
I^ g/ml of nalidixic acid and 100 |ag/ml of cyclohexamide as an antifungal agent. In a 
trial, in which 89 samples were collected from 5 infected bulls and transported and 
cultured in the medium, C. fetus subsp. fetus was demonstrated in 77 samples by 
culture method. Rothenberg et al, (1984) compared Doyle and Roman Enrichment 
Broth (DREB), Park and Stankiewiez Enrichment Broth and newly developed 
Enrichment Broth for the isolation of C. jejuni from raw chicken and found that Doyle 
and Roman Enrichment Broth showed greatest selectivity. DREB and Park 
Enrichment Broths were compared for recovery of C. jejuni from food. No significant 
differences were found between the results obtained with the two broths (Heisick et 
al., 1984). In another study to compare several enrichment and direct isolation media 
to evaluate their suitability for detection and enumeration of five strains of C. jejuni in 
refrigerated (S'^ C) chicken meat, it was found that Campy Brucella Agar (CBAP), 
Blood Free Campylobacter Medium (BFCM) are superior than Modified Butzler Agar 
(MBA) and Doyle and Roman Enrichment Broth (Beuchat, 1985). Kakkar and Dogra 
(1990) used candle jar for creating microaerophillic conditions for growth of 
Campylobacter from rectal swabs and successfully isolated C. jejuni, C. coli and C. 
lardis. Shobha et al., (1992) designed modified internal gas generating system for 
creating microaerophillic conditions for isolation of Campylobacter spp. by using 
sodium borohydride, sodium bicarbonate and citric acid. They further compared their 
results by using gas pack for providing microaerophillic conditions and reported that 
Campylobacter was efficiently isolated by using both methods. 
A pilot study was conducted to compare Blaserwang, Butzler and Skirrow's 
media for isolation of Campylobacter from poultry and found that Skirrow's medium 
gave maximum recovery of the organisms (Kumar et al., 2001). A blood and 
antibiotic free differential, Kapadnis-Baseri (KB) medium was formulated and tested 
for isolation of Campylobacter spp. (Baserisalehi et al., 2004). Barua and Rathore 
(2006a), prepared a modified selective enrichment broth and blood free selective agar 
medium and compared it with Preston and Park and Sanders media for the isolation of 
C. jejuni and found that isolation rates of C, jejuni were higher than that of Park and 
Sanders and Preston media, which was 57.4%, 50.0% and 39.8%) respectively. 
Ghazwan et al., (2009) described three media selective for Campylobacter. Campy-
Cefex (CD), Modified Charcoal Cefoperazone Deoxychocolate Agar (mCCDA) and 
Skirrow media. An enrichment broth media supplemented with trimethoprim. 
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rifampicin, polymyxin B, cefoperazone, amphotricin was used. Later enriched 
cultures were transferred onto blood agar base supplemented with 7% lysed horse 
blood and vancomycin, polymyxin B and trimethoprim (EChanzadi et al., 2010). 
2.1.3.2 Immunoassays 
The immunofluorescent assays including fluorescent antibody technique 
(FAT), nanoparticles-based immunoassay, multiplexed sandwich chemiluminescent 
enzyme immunoassay and fluorescent nanoparticles probe immunoassay and PCR-
enzyme-linked immunosorbent assay (ELISA) have been described (Hong et al., 
2003; Chemburu et al., 2005;Watson and Galan, 2008; Mortensen et al., 2011). 
2.1.3.3 Polymerase chain reaction for detection of Campylobacter spp. 
Since its discovery, polymerase chain reaction has impacted virtually all areas 
of microbiology and in particular it has been used in detection of microbial pathogens 
in a wide range of sample types. 
The first report of a PCR assay for the detection of Campylobacter spp. in 
foods was made by Giesendorf et al., (1992) who described a PCR assay for the rapid 
and sensitive detection of Campylobacter spp. in chicken products. The assay was 
applied to the detection of Campylobacter spp. in naturally contaminated as well as 
artificially inoculated samples of chicken skin following enrichment of the sample in 
Preston broth for 18 h. Korolik et al., (2001) evaluated a multiplex PCR assay for the 
rapid detection of Campylobacter spp. and C. jejuni. Kulkami et al. (2002) compared 
selective culture, membrane filtration and polymerase chain reaction for the detection 
of Campylobacter from stool samples. Out of 343 samples examined, 17 were found 
positive by selecfive culture, 12 by membrane filtration and 20 by PCR method. Out 
of total 23 samples found positive by one or more method, 18 were identified as C. 
jejuni by PCR, whereas selective cuhure could identify only 14. In a study, Inglis and 
Kalischuk (2003) used PCR for detecting Campylobacter directly for bovine faeces 
without enrichment. 
The species identification of Campylobacter generally requires 4 to7 days to 
confirm the Campylobacter spp. Culture also requires special laboratory care, 
including micro-aerobic conditions, a specific temperature, and enrichment media. In 
addition, sometimes differentiating between C jejuni and C coli with conventional 
biochemical methods is problematic, because of close similarity between these two 
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species. Hippuricase activity is the only marker known to enable distinction between 
them. Several investigators developed PCR assays for specific identification of 
Campylobacter jejuni from Campylobacter coli by targeting various genes including 
hippuricase gene (Collins et al., 1996; On and Jordan, 2003; Khanzadi et al., 2010; 
Wangroongsarb et al., 2011). Linton et al., (1997) reported a primer set HIP400F & 
H1P1134R for specific amplification of hippuricase gene (hip'O') for C. jejuni 
detection in faecal samples. Persson and Olsen (2005) described 3 gene (aspartokinase 
asp, hippuricase hip'O' and 16S rDNA) based multiplex PCR for simultaneous 
detection of C. jejuni and C. coli. Workman et al., (2005) reported use of PCR to 
detect Campylobacter spp. in pet dogs and chicken meat. Few years back, four genetic 
markers were selected from the completely sequenced genomes of C. jejuni strains 
81-176 (Hofreuter et al., 2006), RM1221, and NCTC 11168 using comparative 
genomics (Chaudhuri et al., 2008), and primers were designed for the detection of 
these markers, which were ggt, the y-glutamyl transpeptidase gene; dmsA (Cju34), a 
subunit of the putative tripartite anaerobic dimethyl sulfoxide (DMSO) oxidoreductase 
(DMSO/trimethylamine N-oxide reductase) gene; Q'1585c, coding for a putative 
oxidoreductase; and Ci781176-1371, a putative serine protease gene. A comparative 
analysis was made between cultural and PCR based assay for the detection of C. 
jejuni in food and faecal samples (Singh et al., 2011). Recently, a rapid, PCR-based 
method for the detection of Campylobacter from bootsocks was evaluated and found 
to be extremely sensitive and convenient, with results being available within 24 hours 
of sample collection (Merga et al., 2012). 
2.1.4 Antibiotic resistance and sensitivity 
Worldwide, there is continuous increase in number of antibiotic resistant 
Campylobacter strains. The increasing number of human infections by antimicrobial 
resistant strains of C. jejuni has made the clinical management of Campylobacteriosis 
increasingly difficult (Snelling et al., 2005). 
Most of the Campylobacter strains have been found to be resistant to 
fluoroquinolone group of antibiotics, which are most frequently used antibiotics in 
human beings. Primary resistance to quinolone therapy in humans was firstly 
observed in early 1990's in Asia and in European countries like Sweden, the 
Netherlands, Finland, Spain and the UK (Alios, 2001). The resistance coincided with 
initiation of the administration of the fluoroquinolone antibiotic enrofloxacin to food 
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animals like broiler chicken (Altekruse et al., 1998; M[o^J2£lQX)- It has been reported 
that a large number of fluoroquinolone resistant Campylobacter infections in humans 
are the result of fluoroquinolone use in poultry house. Strongest evidence in support 
of this statement comes from a recent study of human Campylobacteriosis in 
Australia, where despite regular clinical use of fluoroquinolones and normal rates of 
Campylobacter infections, there are no confirmed cases of domestically acquired FQ-
resistant Campylobacteriosis, because in Australia, fluoroquinolone are prohibited in 
poultry production (Price et al., 2005; Unicomb et al., 2009). 
Fallon et al., (2003) studied antimicrobial resistant pattern of 78 C. jejuni 
strains to eight antibiotics by disc diffusion assay. The higher rates of resistance were 
recorded to ampicillin (35%) followed by 20.5% to tetracycline, 20.5% nalidixic acid 
and 17.9% to ciprofloxacin. Multi drug resistance against two or more antibiotics was 
observed in 30.7% of C jejuni strains. Ge et al., (2003) determined antimicrobial 
susceptibilities of 378 Campylobacter isolates and found that resistance to tetracycline 
was highest (82%)) followed by resistance to doxycycline (77%), erythromycin (54%)) 
nalidixic acid (41%) and ciprofloxacin (35%). 
In an another study, isolates of Campylobacter spp. from conventional broiler 
and turkey farm, where antibiotics were routinely used and isolates from organic 
broiler farm where antimicrobials were never used, were compared for antimicrobial 
resistance pattern. It was found that less than 2% of isolates from organically raised 
poultry were resistant to fluoroquinolones, while 46%o and 67%o of isolates from 
conventionally raised broiler and turkey, respectively were resistant to 
fluoroquinolones. In addition, among isolates obtained from conventionally raised 
poultry than that of organically raised poultry, a high frequency of resistance to 
erythromycin, clindamycin, kanamycin and ampicillin was reported (Luangtongkum 
et al., 2006). 
Few years back, a large scale survey was conducted; C. jejuni isolates in seven 
European countries during the period from 2004 to 2007 were screened for 
antimicrobial resistance pattern. The average tetracycline resistance varied between 
23% and 33% while nalidixic acid resistance from 23% and 35% (EFSA 1010a). 
Majority of C. jejuni and C. coli isolates are intrinsically resistant to a number of 
antibiotics, including bacitracin, novobiocin, rifampicin, streptomycin B, 
trimethoprim, vancomycin and usually cephalothin. Various combinations of these 
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antibiotics are used as selective agents in media for the selective isolation of 
Campylobacter (Snelling et al., 2005; Ghazwan et al., 2009; Khanzadi et al., 2010). In 
a recent study on prevalence of antibiotic resistance among Campylobacters from 
various meat sources, the isolates were resistant to ciprofloxacin and nalidixic acid 
(32.7 % each) (Rahimi et al.', 2012a). 
2.2 Listeria monocytogenes 
In 1911, Professor G. Hulphers described a bacterium that caused necrosis of 
the liver in rabbits, and because of its characteristic affinity to liver, it was named 
Bacillus hepatis. Later, Pirie in 1940 changed the name to Listeria monocytogenes. In 
1948, L. monocytogenes was placed under the same name in the 6th edition of 
Bergey's Manual of Determinative Bacteriology. The first reported isolation of L. 
monocytogenes from sheep was done in 1929 and the first reported human isolation 
was done in 1929 by Nyfeldt (Odjadjare, 2010). Until 1961, L. monocytogenes was 
the only recognized species in the genus Listeria. Currently, there are six species 
under the genus Listeria; L. monocytogenes, L. inoccua, L. welshimeri, L. seeligeri, L. 
grayi, and L. ivanovii subsp. ivanovii, and L. ivanovii subsp. londoniensis (Adzitey 
and Huda, 2010). 
Listeria monocytogenes, a gram positive, facultative anaerobic and non-acid 
fast bacterium, is a non-spore forming rod that expresses a typical tumbling mofility at 
20-25°C. It is widely distributed throughout the environment and is considered hardy 
bacteria because of their ability to grow over a wide range of temperatures (1-45°C), 
pH (4.1-9.6) and osmofic pressures, which allows them to survive longer under 
adverse conditions (Adzitey and Huda, 2010). 
L. monocytogenes causes several illnesses in human beings and animals; the 
annual incidence of human Listeriosis ranges from 1.6-6 cases per million people 
(Rocourt et al., 2000). Predominant clinical manifestations of human Listeriosis are 
meningitis, encephalitis, cerebritis and septicemia; hospitalization rate in this group is 
as high as 91% in untreated cases and mortality rate upto 30% in patients receiving 
therapy. In addition, endocarditis, pericarditis and pyogenic abscesses (local 
inflammatory reactions in various organs) have been documented. 
Immunocompromised patients, neonates and pregnant women are more susceptible to 
Listeriosis. However, the disease can also develop in seemingly healthy individuals 
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(Aureli et al., 2000; Sim et al., 2002; Carrique-Mas et al., 2003; Dumen et al., 2008; 
El-Malek et al., 2010; Hoelzer et al, 2012). 
Listeria species have been isolated from various plant and animal food 
products associated with many Listeriosis outbreaks; therefore, contaminated food are 
considered a primary source of transmission of infection in sporadic cases as well as 
outbreaks (Adzitey and Huda, 2010). Major outbreaks of human Listeriosis are on 
increase globally. The first investigated outbreak occurred in 1981 in Maritime 
Provinces of Canada where 7 adults and 34 prenatal cases of Listeriosis resulted due 
to consumption of contaminated coleslaw with case fatality rate of 44% (18 deaths). 
Later on, many food borne outbreaks (involving pasteurized, whole milk and milk 
products) of Listeriosis have been reported (Amagliani et al., 2004; Curtis, 2007). A 
case control study (Olsen et al., 2005) established in a muhistate outbreak of L. 
monocytogenes infection linked to delicatessen Turkey meat. Cases of infection 
caused by these isolates were associated with 4 deaths and 3 miscarriages. In 2007 an 
outbreak of L. monocytogenes infections occurred associated with pasteurized milk 
from a local dairy, in Massachusetts (MMWR, 2008). This outbreak illustrated the 
potential for contamination of fluid milk products after pasteurization and the 
difficulty in detecting outbreaks of L. monocytogenes infections. Similarly, due to 
consumption of 'Quargel' cheese a multinational outbreak of Listeriosis due to L. 
monocytogenes has been reported in Austria and Germany. The outbreak comprised 
14 cases (including five fatalities) infected by a serotype l/2a Listeria monocytogenes, 
with onset of illness from June 2009 to January 2010. A second strain of L. 
monocytogenes serotype l/2a spread by this product could be linked to further 13 
cases in Austria (two fatal), six in Germany (one fatal) and one case in the Czech 
Republic, with onset of disease from December 2009 to end of February 2010 (Fretz 
etal.,2010). 
In another case study of Listeriosis outbreak, in dairy cattle, with a high case 
mortality and acute death after onset of symptoms was investigated using gross 
pathology and bacteriologic approaches, including molecular characterization of a 
clinical Listeria monocytogenes isolate. Recently, in a herd of 315 animals, 9 animals 
showed clinical symptoms consistent with Listeriosis, including 3 animals that died 
within 2-4 days after acute onset of clinical signs, 4 animals that were euthanized, and 
2 that survived (Bundranf et al., 2011). In Colorado, United States, Multistate 
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outbreak of Listeriosis caused by L monocytogenes, linked to whole Cantaloupes 
from Jensen farms were reported (CDC, 2011). 
2.2.1 Incidence of 1. monocytogenes in foodstuffs 
The organism has been found to be present in wide variety of dairy products. 
Out of these, cheese has been most extensively examined because of its known, 
association with Listeriosis (Dumen et al., 2008; Latorre et al, 2009; Jami et al., 
2010). L. monocytogenes has the ability to survive the manufacturing and ripening 
processes of various types of cheese. In raw milk the overall world wide incidence of 
L. monocytogenes appears to be less than 5%. The incidence rates have been reported 
to vary from country to country; 4 - 4.2% in USA, 1.3% in Canada, 1.0-1.5%) in 
Scotland and 10%) in UK. L. monocytogenes has also been reported from sheep and 
goat milk from Yugoslavia and United Kingdom (Wong, 2010; Latorre et al., 2009; 
Torres-Vitellaetal..2012). 
A wide variety of meat samples (particularly their surfaces) have been found to 
be contaminated with L monocytogenes (Nayak et al., 2010). However, the pathogen 
has also been detected in the deeper muscle tissues of beef, pork and lamb roasts. The 
organism, was probably present in the muscle tissues at the time of slaughter (Beloeil 
et al., 2003; Sanna et al., 2010). The incidence of Z. monocytogenes in fresh meat has 
been reported to vary from 0%o to 94%), in contrast to 1-30%) in ready to eat meat 
products (Asma et al., 2009; Nayak et al., 2010; Zhu et al., 2012). L monocytogenes 
is one of the important etiology of bovine, catties and ewes mastitis (Winter et al., 
2004) and the excretion of the organism in the milk for a long period has been 
reported. Therefore, the dairy products have been particularly vulnerable to 
contamination of Listeria (Schoder et al., 2003; Kargar and Ghasemi, 2009; Jami et 
al., 2010; Yadav et al., 2010; Konosonoka et al., 2012). 
Chicken seems to be heavily contaminated with L. monocytogenes as surveys 
show contamination rates ranging from 20 to 60%) (Mahmood et al., 2003; 
Paszkowska et al., 2005; Stonsaovapak and Boonyaratanakomkit, 2010). Studies 
show that, UK has reported the prevalence of Z. monocytogenes from fresh chicken to 
be 60.0%, 50% in Taiwan, and 56.3% in US (Wong, 2010; Cook et al., 2012). 
The prevalence in tropical fresh fish, smoked fish and sea foods has been 
reported to vary from 0 to 30%) (Fuchs and Surendran, 1989; Salihu et al.. 2008; 
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Stonsaovapak and Boonyaratanakornkit, 2010; Pinto et al, 2010). A relatively high 
incidence of the organism (6-36%) in ready to eat cold smoked salmon and cooked 
fish products have been reported (Embarek, 1994; Salihu et al., 2008). L. 
monocytogenes have been reported to be always associated with fresh or frozen fish 
and fish based sea foods (Salihu et al., 2008; Zarei et al., 2012). 
2.2.2 Status of Z. monocytogenes in India 
In India, the first isolation of the organism was credited to Vishwanathan and 
Ayyar (Parihar, 2008) from sheep. Later, on several reports poured in indicating the 
occurrence of disease in many species of domestic animals. The organism was 
successfully isolated from Listeriosis cases of sheep and goats (Barbuddhe et al., 
2000), buffalo (Nayak et al, 2010), and ready to eat meat products (Asma et al., 
2009). Kaur et al., (2007) have also reported the isolation of organism from human 
cases. The prevalence of L. monocytogenes in fish and fish products has been also 
notified by several investigators (Karunasagar and Karunasagar, 2000; Parihar et al., 
2008; Swethaetal., 2012). 
In the last decade, the emergence of L monocytogenes as an important food 
borne pathogen has prompted investigators to explore the incidence of this organism 
from foods in India. The presence of organism in foods of animal origin viz. sheep, 
goat, poultry and buffalo meat has been reported with the incidence rate below 10% 
(Barbuddhe et al., 1999, 2002; Vijayakrishna et al., 2000; Nayak et al., 2010; Saikia 
and Joshi, 2010). Studies on prevalence of I. monocytogenes in milk by Bhilegaonkar 
et al., (1997) and Barbuddhe et al., (1997, 2002) have revealed an overall incidence of 
L. monocytogenes to be 3-6% in cow and buffalo milk (Kalorey et al., 2008). 
However, the occurrence of this organism was very high {25%) in the cow milk 
collected from private dairy farm. Yadav et al., (2010) reported 3.5%) of L 
monocytogenes from mastitic milk of cows and buffaloes. The organism frequently 
recovered from the various types of cheese and is considered as most common source. 
Various literatures are a\'ailable on incidence of L. monocytogenes from cheese and 
their products (Sharma et al., 2012). 
In addition to the reports from the foods of animal origin, the presence of L. 
monocytogenes has also been reported from fresh vegetables such as coriander and 
spinach. (Kapoor et al., 1995; Dhanashree et al, 2003). 
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2.2.3 Detection ofL. monocytogenes from foods 
2.2.3.1 Conventional methods 
Several cultural media and methods currently exist for detection and 
enumeration of L. monocytogenes. However, suitability of any specific method or 
medium is influenced by the purpose of analysis and the type of sample being 
analysed. Thus, the media devised for isolation of the organism from relatively 
uncontaminated clinical samples have been found to be of only limited use in the food 
and feeds, which often contain heavy load and wide variety of microflora (Amagliani 
et al,, 2007). Isolation and identification of I. monocytogenes as well as limiting its 
presence and proliferation in foods have been the focal point of international 
investigations (Adzitey andHuda, 2010). 
Among the earliest methods used for the recovery of L. monocytogenes from 
foods and environmental samples, was the use of cold enrichment and incubation at 
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4 C (Donnelly and Nyachuba, 2007). However, greatest drawback of this method was 
the long duration (upto 3 months) required for the identification of the organism. 
Later, on various other media providing semi anaerobic conditions were devised to 
overcome this lacunae viz. Tryptose Phosphate Broth with Furacin and Trypaflavine 
Nalidixic Acid Cyclohe.xamide Broth (TNCB). The incorporafion of certain specific 
selective agents such as nalidixic acid and acrifiavin into the enrichment media have 
been shown to reduce the time required for isolation of the organism (Wong, 2010). 
In USA, two enrichment procedures are commonly used for detection of L. 
monocytogenes. These are enrichment broth described by Lovett et al., (1987) and 
University of Vermont (UVM) Broth (Asma et al., 2009) used by FDA and USDA, 
respectively. The FDA procedure has been designed specifically for dairy products, 
whereas the USDA procedure has been recommended primarily for meat and poultry 
products (USDA, 2002; Ilitchins, 1998). The USDA enrichment procedure has been 
found to be slightly superior to the FDA procedure for detection of I. monocytogenes 
from foods (Navas et al., 2007). Several other broths such as Fraser Broth (Fraser and 
Sperber, 1988), Polymyxin Acrifiavin Lithium Chloride Ceftazidime Aesculin 
Mannitol Egg Yolk (PALCAM) Broth (Nayak et al., 2010) have also been developed 
for selective growth of I. monocytogenes from various samples. 
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Resuscitation procedures have also been standardized to recover the sub 
lethally injured cells of L. monocytogenes due to heating or freezing, like modified 
UVM (MUVM) and Universal Pre-enrichment Broth. These media negate the 
detrimental effect of acidic pH. Various chemicals that either scavenge oxygen or 
degrade hydrogen peroxide are also incorporated into the enrichment broth 
•^•(Anonymous l996b, 2004b). Addition of catalase, a hydrogen peroxide scavenger and 
oxyrase to media at concentrations of 400 jig/ml and 0.01 unit/ml, respectively, have 
been found to be superior over other scavenging chemicals for resuscitating heat 
stressed L. monocytogenes (Barbuddhe e't al., 2000; Zhou et al, 2010). 
In addition to the above mentioned media, several useful media have been used 
for L. monocytogenes including Al-Zoreky Sandine Listeria medium (ASLM) (Al-
Zoreky and Sahdine, 1998), Dominguez-Rodriguez Agar (DRA) (Barbuddhe et al., 
2000), Polymyxin Acrillavin Lithium Chloride Ceftazidime Aesculin Mannitol 
(PALCAM) agar (Dumcn e( al., 2008), modified Vogel Johnson agar (MVJ), MVJ 
Modified further (MVJM) (Barbuddhe et al., 2008), and Agar Listeria according to 
Ottaviani and Agosti (ALOA) (Reissbrodt, 2004), Oxford agar and Modified Oxford 
agar (Amagliani et al., 2004; Amagliani et al., 2007; Dumen et al., 2008; Pinto et al., 
2010). 
The current L. monocytogenes isolation methods are based on less time-
consuming procedures, involving selective enrichment and selective plating. Standard 
methods for detection and enumeration of/,, monocytogenes issued by FDA. IDF and 
ISO are widely used by food and environmental laboratories worldwide (Allerb'erger 
2003; Jeyaletchumi et al., 2010). Since the 1950's potassium tellurite, lithium 
chloride, nalidixic acid, acriflavin, polymyxin B, moxalactam and ceftazidime have 
been the most recognized selective agents in isolation of Listeria species (Donnelly 
and Nyachuba 2007). In addition, blood or chromogens can be used as selective 
agents or indicator substrates to differentiate Listeria spp. (Leclercq, 2004; 
Greenwood et al. 2005; Jeyaletchumi et al., 2010; Madajczak et al., 2012). 
l.lJi.l Immunoassays 
Amongst the most commonly used immunological methods for rapid detection 
of L. monocytogenes from foods are immunofluorescent assays and enzyme 
immunoassays. The immunofluorescent assays including fluorescent antibody 
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technique (FAT), nanoparticles-based immunoassay, multiplexed sandwich 
chemiluminescent enzyme immunoassay and fluorescent bioconjugated nanoparticles 
probe immunoassay have been described (Khan et al., 1977; Magliulo et al., 2007; 
Yang et al, 2007;Wang et al., 2010) while Enzyme Linked Immunosorbent Assay 
(ELISA) have also been used frequently in large samples. Serological assays for 
epidemiological surveys and more sensitive and rapid detection protocols in ELISA 
are also in use for detection of I. monocytogenes (Barbuddhe et al., 2000; Boerlin et 
al., 2003; Palumbo et al., 2003; Wong, 2010). 
2.2.3.3 Polymerase chain reaction (PCR) 
In the first reported PCR for identification of L. monocytogenes the hly 
sequence was used (Bessesen etal., 1990). The positive reaction was confirmed by 
the agarose gel electrophoresis and by probing with fragment internal to the defined 
606 base pair PCR product. This PCR was used to detect L. monocytogenes in water, 
whole milk and human cerebrospinal fluid. Another inlA gene polymorphism based 
PCR-RFLP has been described for screening potentially noninvasive L. 
monocytogenes strains. PCR-amplified inlA fragments were digested using the 
restriction endonuclease AM, and PCR-RFLP fragments were resolved by 
electrophoresis in 3.5% agarose gel. The position of restriction fragments was 
normalized using an internal DNA size marker (Lyautey et al., 2007). Listeriolysin 0 
(LLO) has been shown to be a major virulence factor in L. monocytogenes and is not 
found in other Listeria spp. (Dumen et al., 2008). Therefore, Numerous PCR based 
studies or methods based on listeriolysin or haemolysin {hly) gene have been 
described for detection o'^Listeria monocytogenes (Ravv'ool et al., 2007; Kargar et al., 
2009; Brankicaetal., 2011). 
Multiplex PCR assays, where parts of the two various genes are amplified 
simultaneously, have also been evolved to detect L. monocytogenes. Rawool et al., 
(2007) developed multiplex PCR where parts of four different genes {iap gene, hly 
gene, actk and/^/cA) were amplified simultaneously. A multiplex PCR was attempted 
with two sets of primers, each comprising four virulence-associated genes. One of the 
set consisted of genes pick encodes a phosphafidylinositol phospholipase C, actk 
encodes a metalloprotease and a surface actin polymerization protein, hlyk encodes a 
haemolysin (listeriolysin) and iap (p60 gene) and the second set consisted of prfk 
(regulatory gene), actk, hlyk and iap. All the primer sets were found to be specific 
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to the target genes as they specifically amplified the PCR products of those genes 
(Kaur et al., 2007). However, the protocol was used in clinical samples and the 
adaptability of this protocol in food samples was not determined, Jami et al., (2010) 
described another multiplex-PCR assay, using prs primers specific for putative 
phophoribosyl pyrophosphate synthetase gene that amplify a 370 bp fragment of the 
putative phophoribosyl pyrophosphate synthetase gene of Listeria spp. and LM lipl 
primers specific for the prf k gene that amplify a 274 bp fragment of the prf k gene 
for the detection of L. monocytogenes from food samples. Thus numerous mPCR 
protocols for Listeria and Listeria spp. detection have been developed well (Kumar et 
al., 2012; Gambarin et al., 2012). 
2.2.4 Antibiotic resistance in L. monocytogenes 
Srinivasan et al. (2005) found that most L. monocytogenes were resistant to 
ampicillin and rifampicin. These results for penicillin, tetracycline, and 
chloramphenicol were similar with those reported by various investigators (Vela et 
al., 2001; Li et al., 2007; Arslan and Ozdemir, 2008). The antibiofic susceptibility 
patterns of L. monocytogenes were determined using the broth micro dilution method 
of the National Committee for Clinical Laboratory Standards (NCCLS) against 
various antibiotics. The resistance breakpoint concentrations used were 512 |ag/ml for 
sulfomethoxazole, 4 |ig/ml for ciprofloxacin, and 16 fig/ml for tetracycline. As 
expected, all 91 isolates were resistant to nalidixic acid. One isolate (Ll%) from 
smoked ham was found to be resistant to ciprofloxacin. Fifteen isolates (16%) 
exhibited tetracycline resistance. Sulfomethoxazole resistance was detected for 55 
isolates (60%). No resistance was observed for any L. monocytogenes isolate to 
ampicillin, gentamycin, penicillin G, or trimethoprim (Shen et al., 2006). 
In another study, a commercially made antibiotic susceptibility disk was used 
to check the antibiotic susceptibility pattern of Listeria monocytogenes isolates. The 
ampicillin resistance was profound among ten isolates which were randomly selected. 
The study showed that peflacine, tarivid and chloramphenicol remained most active 
against this bacterial pathogen (Nwachukwu et al., 2009). A study conducted in 
Botswana, antimicrobial susceptibility testing was performed on all the 57 confirmed 
L. monocytogenes isolates. Of these isolates, 31 (54.39%)) were found to be resistant 
to"" one ' or "" more' antibiotic. Resistance against penicillin G, 
sulphamethaxozole/trimcllioprim, chloramphenicol, and tetracycline were observed in 
21 
42.11, 29.82, 28.30, and 22.81%, respectively, while no resistance was observed for 
fusidic acid, erythromycin, methicillin, ampicillin and cephalothin. Of all the food 
products tested, frozen cabbage and salads recorded the highest diversity of resistance 
patterns. From the resistance patterns, only one pattern (penicillin G and tetracycline) 
was common among all the food products that tested positive for L. monocytogenes 
(Morobe et al., 2009). The antimicrobial susceptibilities of the 64 isolate of Listeria 
spp. were also examined by the standard disk diffusion method. In the study, Listeria 
spp. were found resistant to penicillin (6.3%), chloramphenicol (3.1%) and 
tetracycline (1.6%), but sensitive to amoxicillin, vancomycin, ampicillin, rifampicin 
and sulf)hamethaxozole (Stonsaovapak et al., 2010). 
2.3 Salmonella 
The genus Salmonella was originally created by medical bacteriologist to 
include antigenically related organisms that gave rise to a certain type of illness in 
human and animals. Later, it became clear that Salmonellae had many common 
biochemical characteristics. The genus Salmonella includes not only the familiar 
pathogens of mammals but also other serotypes formerly considered to be 
biochemically aberrant types. It is now considered to comprise two species; S. 
enterica and S. bongori (Malorny et al., 2009). 
The principal clinical syndromes associated with Salmonella infection are 
enteric (typhoid) fever and gastroenteritis. Enteric fever is a protracted systemic 
illness that results from infection with exclusively human pathogens, 5". typhi and S^" 
paratyphi. Clinical manifestations include fever, abdominal pain, transient diarrhoea 
or constipation, and occasionally maculopapular rashes. The pathological hallmarks 
of enteric fever are mononuclear cell infiltration and hypertrophy of the reticulo-
endothelial system, including the intestinal Payer's patches, mesenteric lymph nodes, 
spleen, and bone marrow. Without treatment, mortality is 10%)-15%. In contrast, 
many non-typhoidal Salmonella strains, such as S. enteritidis and S. Typhimurium, 
infect a wide range of animal hosts, including poultry, cattle, and pigs, and usually 
cause self-limited enteritis in humans. In certain inbred mouse strains, however, S. 
Typhimurium infection produces an illness resembling enteric fever that serves as an 
experimental model for systemic Salmonella infections. All Salmonella infections 
begin with the ingestion of organisms from contaminated food or water (Miller and 
Pegues,2000;WHo'20!2b). 
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Salmonellosis is an important food borne infective disease worldwide 
occurring mostly as sporadic cases, in families or as outbreaks. In 2006, a total of 160, 
649 confirmed cases of human Salmonellosis were reported in the EU (Anonymous, "^, 
2007e). The incidence was 34.6 cases per 100,000 populations, ranging in the 
countries from none to 235.9 cases per 100,000 populations. In the USA, during 
1998-2002 Salmonellosis was reported as most common cause of food borne 
outbreaks and illnesses (Funk, 2009). However, it is generally estimated that the real 
number of infections are significantly higher. FoodNet, a US initiative as part of the 
CDC's Emerging Infections Program, estimated 1.4 million annual cases of human 
non-typhoid Salmonellosis (Voetsch et al. 2004). Poultry and poultry products have 
been the most commonly implicated food to cause infection in humans (Loongyai et 
al, 2010). Although meat and meat products, milk and milk products, and water have 
also been associated with large outbreaks of Salmonellosis (Bansal et al., 2006; 
Bhunia et al., 2009; Nicolay et al., 2010). Dominguez et al., (2002) isolated seven 
various Salmonella serotypes from chicken meats from various retail stores in Spain. 
The most abundant serotype isolated was Salmonella subspecies enterica serovar 
Enteritidis, which agreed with the fact that this serotype was associated with 
outbreaks in humans in Spain in 1999. From 1985 to 1999, eggs and egg-containing 
foods were the primary vehicles of S. enterica serovar Enteritidis infection, having 
been implicated in 80% of the known sources of S. enterica serovar Enteritidis 
outbreaks reported to CDC (Patrick et'al., 2004; Schroeder et al., 2005). A multistate 
outbreak of Salmonella enterica subspecies enterica serotype Typhimurium in 2003 
was linlced to the consumption of raw milk from a dairy in Ohio where raw milk was 
sold by the glass or in milkshakes (Mazurek et al:, 2004). In 2008, during March and 
April, an outbreak due to S. enterica serotype Muenster, was associated with 
consumption of goat's cheese in France (Van-Cauteren et al., 2009). Among the 21 
cases of infection, 16 reported consumption of goat's cheese in the days prior to 
symptoms. The investigation incriminated goat's cheese from producer as being the 
most likely source of the outbreak. S. Muenster was isolated from both cases and the 
incriminated goat's cheese. In a large study conducted in Morocco during 2002-2005, 
a total of 0.91% prevalence of Salmonella was observed from various foods and sea 
foods (Bouchrif et al., 2009). In 2012 CDC reported 8 food borne outbreaks in United 
States due to various species or serovars of Salmonella (CDC, 2012a). 
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2.3.1 Incidences in foodstuffs 
It has been described that large outbreaks are possible even if a small 
percentage of the implicated food products are contaminated and extremely low levels 
of Salmonella are present in food (Angulo et al., 2008).There are several reports of 
isolation of Salmonella from various meat (poultry, chicken, beef, cattle) and meat 
products like sausages and cooked meat (Nicolay et al., 2010; CDC, 2012b). The 
isolation of Salmonella has also been reported from milk and milk products (Bansal et 
al., 2006). Milk borne Salmonellosis has been associated with raw, heat treated or 
inadequately pasteurized milk (Olsen et al., 2004). Milk products like cheese also 
have been implicated in numbers of outbreaks (Fontaine et al.-, 1980; D'Aoust, 1985; 
Maguire et al., 1992; Synnot et al., 1998). Ice-creams (Nassib et'al., 2003), milk 
powder (Deeb et al!, 2010) and cream cakes (Solhan et al., 2011) have also been 
reported as source of Salmonella. 
2.3.2 Status of Salmonella in India 
Numerous reports on the prevalence of Salmonella in food samples in India 
have been accounted from a variety of foods including beef (AgarWal et al., 1999). 
poultry and poultry products (Selvaraj et al., 2010; Kumar et al., 2011), meat (Kumar 
et al., 2010), milk and milk products (Bansalet al., 2006; Singh, 2010). The presence 
of Salmonella has also been reported from various fast foods (Kakkar and Udipi, 
2002) and fruits, fruit juices and vegetables (Bansal et al., 2006; Kumar et al., 2010). 
Isolation studies conducted in various parts of India revealed presence of 
Salmonella in man and animals (Saikia et al., 2002). The prevalence of Salmonella 
from fish (20% - 90%) has been observed in South India (Kumar et al., 2010). 
Rajendran and co-workers have reported water containing Salmonella along with E. 
coll and Vibrio from the tsunami affected villages and relief shelters. Salmonella 
Paratyphi B isolated from analysis of two well water samples (Rajendran et al., 2006). 
Interestingly, five serovars, Salmonella Newport , Salmonella Paratyphi B , 
Salmonella Teko, Salmonella Virchow and Salmonella Saintpaul were reported from 
ready-to-eat betel leaves (Paan) and in water used for soaking betel leaves in North 
Indian cities (Singh, 2006). Saroj et al., (2008) firstly attempted to assess the genetic 
diversity of Salmonella enterica serovar Typhimurium isolates from sprouts and fish 
samples from India, Recently, Gunasegafan et al, (2011) conducted study to 
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determine the prevalence of Salmonella in the curries and to characterize the 
antibiotic sensitivity of the isolates. Investigators have also reported Salmonella from 
various food sources including poultry and seafoods (Bhowmick et al., 2012). 
2.3.3 Detection o{ Salmonella from foods 
2.3.3.1 Conventional isolation methods 
To determine the presence of potentially low levels of Salmonellae in foods, 
methods involving a series of sequential cultural steps have been developed (Gilbert 
et al., 2010). Rappaport-Vassiliadis Soy Peptone (RVS) Broth has been used as a 
selective enrichment medium for the isolation of Salmonella from food, environment 
specimens and from faeces where malachite green acts as selective agent. The 
medium is not useful while suspecting Salmonella Tj'phi. Another liquid medium 
Tetrathionate Broth has been used for selective enrichment of Salmonella but it is 
found inhibitory to S. Typhi, S. Pullorum, and S. Gallinarum. The enzymatic digest of 
casein and enzymatic digest of animal tissue act as nitrogen, carbon, vitamins, and 
amino acids source. Selectivity is increased by the combination of Sodium 
thiosulphate and tetrathionate, which suppresses commensal intestinal organisms. 
Tetrathionate is formed in the medium upon addition of the iodine and potassium 
iodide solution. Organisms containing the enzyme tetraithionate reductase proliferate 
in the medium. Bile salts, as selective agents, suppress coliform bacteria and inhibit 
Gram-positive organisms. Calcium carbonate neutralizes and absorbs toxic 
metabolites (Global Salm-Surv, 2003; Neogen, 2004). Selenite Cystine Broth is based 
upon the formula of Selenite Broth described by Leifson, with the addition of cystine. 
The FDA has proposed Selenite Cystine Broth as an enrichment medium for detecting 
Salmonella in food materials. The AOAC, USP, and APHA have recommended 
Selenite Cystine Broth as a selective enrichment medium for Salmonella spp. The 
medium inhibits the growth of other Gram-negative bacilli. Sodium Selenite is the 
selective agent against Gram-poshive bacteria and most enteric Gram-negative bacilli 
whereas L-cystine acts a reducing agent (Neogen, 2008). 
Several solid agar media also have been described for the rapid and selective 
isolation of Salmonella from foods and clinical sources. Brilliant Green Agar (BGA) 
contains brilliant green exhibits indicative ability to ferment lactose and sucrose and 
has been used for isolation of Salmonella from food and clinical sources by various 
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investigators. Phenol red is the pH indicator, which changes from yellow to red at pH 
6.8 - 8.4. Therefore, lactose negative and sucrose negative bacteria like Salmonella 
grow as red-pink, white opaque colonies surrounded by brilliant red zones in the agar 
(Global Salm-Surv, 2003). 
Xylose Lysine Deoxycholate (XLD) agar also has been described for selective 
isolation of Salmonella. Sodium deoxycholate is the selective agent and phenol red is 
the pH indicator. Salmonella suspect colonies grow as red colonies with a black 
centre. The use of novobiocin has been described as more useful in selective isolation 
of Salmonella (Global Salm-Surv, 2003; Ruban et al., 2010)). 
Several workers described MacConkey's agar for isolation of Salmonella, 
based on principal that bile salts and crystal violet largely inhibit the growth of the 
gram-positive microbial flora. Lactose and the pH indicator neutral red are used to 
detect lactose degradation. Lactose-negative colonies were colourless while lactose-
poshive colonies grow red surrounded by a turbid zone due to decrease in pH by the 
precipitation of bile acids (Rostagnb et al., 2005). Hektoen Enteric agar is a 
moderately selective and differential medium and has been used by various 
investigators for the isolation of Salmonella from both clinical and nonclinical 
specimens. Hektoen Enteric agar was developed in 1967 by King and Metzger of the 
Hektoen Institute in order to increase the recovery of Shigella and Salmonella 
organisms. The selective nature of Hektoen Enteric Agar is due to the incorporation of 
bile salts in the formulation. These substances inhibit gram-positive organisms but can 
also be toxic for some gram-negative strains (Becton-Dickinson and Company, 2006). 
Salmonella-Shigella agar containing neutral red as pH indicator is a modification of 
the Deoxycholate Citrate agar described by Leifson is recommended for testing 
clinical and food specimens for the presence of Salmonella spp. and some Shigella 
spp. (Neogen, 2004; Ruban et al., 2010). 
An international standard method of ISO (EN-ISO 6579:2002), by using 
various enrichment broths and agar media has been described for detection of 
Salmonella. The method involves non selective pre-enrichment in Buffered Peptone 
Water (BPW), selective enrichment in Rappaport-Vassiliadis Soy (RVS) Broth and 
Muller-Kauffmann Tetrathionate Novobiocin (MKTTn) Broth, plating on the 
selective solid medium Xylose Lysine Deoxycholate (XLD) agar and a second 
selective solid medium such as Brilliant Green agar and a final serological and 
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biochemical confirmation. The same procedure, without the MKTTn step, is used in 
the NMKL71 method, which is the standard method for Salmonella detection in the 
Nordic countries for food but also for feed. The Modified Semisolid Rappaport 
Vassiliadis (MSRV) method, Draft Annex D of EN-ISO 6579:2002 is based on 
migration of motile Salmonella through the selective medium. It has been shown in 
several studies of naturally infected or artificially contaminated food or faecal 
samples that MSRV is, in most cases, more sensitive than the standard methods. 
However, there are also studies showing that MSRV is less sensitive when compared 
to other enrichment media (Koyuncu and Haggblom, 2009). 
2.3.3.2 Immunoassays 
Immunoassays like FAT (Thompson and Wells, 1971), RIA (Ibrahim et al., 
1986) and Enzyme immunoassays (Swaminathan and Ayres, 1980) have been used 
for detection of Salmonella in foods. But these assays are time consuming, less 
sensitive, specific and very complex (Blackburn, 1993). The serotyping o^Salmonella 
involves the characterization of surface antigens, 0 and H antigens, according to the 
Kauffman-White scheme. 0 antigens are characterized by a slide agglutination assay 
(Patel, 2007). An immunological method referred as immuno-magnetic separation 
(IMS) and has been used extensively (Malomy et al., 2009). Enzyme-linked 
immunosorbent assays (ELISA) using various (combinations of) antigenic 
components of Salmonella spp. have been described (Thoftias, 2010). 
2.3.3.3 Polymerase chain reaction (PCR) 
The first PCR assay for specific detection of Salmonella DNA has been 
published in early 90's. The target was the oriC gene. Later, another PCR assay based 
on the invk gene including a comprehensive set of 630 Salmonella and 142 non 
Salmonella strains was performed. These primers showed the highest selectivity in a 
comparison study and were selected for a comprehensive international validation 
study. The PCR assay includes an internal amplification control (lAC, An lAC is a 
non-target DNA sequence present in the same sample reaction tube which is co-
amplified simultaneously with the target sequence) which became mandatory for 
diagnostic assays. Many other targets and primer sets have been published differing in 
their target genes, detection limits, and accuracies. In some cases, the strain 
collections used for validation did not include all seven known subspecies of 
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Salmonella enterica and Salmonella bongori and lacked epidemiologically important 
isolates (Malorny et al., 2009). PCR technology is one of the most promising of the 
rapid microbiological methods for the detection and identification of bacteria in a 
wide variety of samples. Several polymerase chain reaction (PCR) methods for 
detecting Salmonella have been employed utilizing specific gene sequences as targets 
(Eid, 2010; Mollenkopf et al„ 2011). 
The various gene sequences which have been targeted for designing of primers 
and replicons are oriC (McCarthy et al., 2009) gene coding for DNA binding protein 
(Bej et al.,1994), agfA gene encoding aggregative fimbrae (Loongyai et al., 2010), 
ompC gene encoding outer memberane protein (Kwang et al.,1996), 16S rRNA 
(Trkov and Avgustin, 2003), hilA encoding hyperinvasive locus (Akbarmehr, 2010), 
invA (Shi et al, 2012), and spv encoding serovar associated plasmids (Amini et al., 
2010). However the invA gene of Salmonella contains sequences unique to this genus 
and has been proved as suitable PCR target, with potential diagnostic applications 
(Shanmugasamy et al, 2011). 
2.3.4 Antibiotic resistance in Salmonella spp. 
The indiscriminate use of antibiotics to treat Salmonella infection has lead to 
the emergence of the multiple drug resistance towards Salmonella and other enteric 
pathogens. The study of the antimicrobial resistance of Salmonella spp. has been 
proposed as priority to the food industry mainly because most infections with 
antimicrobial resistant Salmonella are acquired by eating contaminated foods, 
especially foods of animal origins (White et al., 2001). These investigators isolated 13 
various serotypes of Salmonella spp. from retail ground meats in the Washington D.C. 
area. They found that 84% of their isolates were resistant to at least one antimicrobial 
including ceftriaxone, the drug of choice for treating Salmonellosis in children. In an 
Irish study 9 various serovars of Salmonella were isolated from local raw retail 
chickens and imported chicken portions. Among the isolates, the most resistant to 
antimicrobials was Salmonella enterica serovar Typhimurium definitive type DTI04, 
which can cause severe illness. The isolate was resistant to ampicillin, amoxyclav, 
sulfonamide, chloramplicnicol, tetracycline, trimethoprim and streptomycin (Wilson, 
2004). In both studies, ciprofloxacin was found effective against all isolates which is a 
fluoroquinolone, and arc the drugs of choice for treatment of invasive gastrointestinal 
infections in many parts of the world (MoUer et al., 2003). Chloramphenicol, 
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enrofloxacin, nalidixic acid, norfloxacin, gentamycin, trimethoprim, streptomycin, 
nitrofurantoin and co-trimoxazole were found to give positive response against 
Salmonella infection whereas ampicillin, tetracycline and furazolidone were found to 
be ineffective antibiotics (Gashe and Mpuchane, 2000; Rahman et al., 2002; Saikia et 
al, 2002). 
However, fluoroquinolone resistant strains of Salmonella spp have been 
isolated and are becoming a great concern for public health (Guerra et al., 2003). A 
study carried out in Portugal, revealed that out of the isolated 10 serotypes of 
Salmonella from retail chickens, 50% were resistant to nalidixic acid (a quinolone) 
and enrofloxacin (a fluoroquinolone) (Antunes et al., 2002). The first outbreak of 
fluoroquinolone resistant Salmonella infection in the US was reported in 2001, this 
outbreak was caused by S. enterica serotype Schwarzengrund (Olsen et al., 2001). The 
US Food and Drug Administration (FDA) withdrew on September 12, 2005 its 
approval for use of fluoroquinolones in treating poultry (Doyle and Erickson, 2006). 
This action was based on the fact that use of fluoroquinolones in poultry promotes the 
development of fluoroquinolone resistant Campylobacter that can be transferred to 
humans and become a hazard to human health (CDC, 2006). 
In the US, The National Antimicrobial Resistance Monitoring System 
(NARMS) for enteric bacteria was established as collaboration between CDC, FDA, 
and USDA to monitor antimicrobial resistance among food borne enteric bacteria 
isolated from humans, foods and animals in 1996 (FDA, 2006). Its latest published 
report in 2003 states thai among retail meats, 27 serotypes of Salmonella were found. 
Among these, serovars Heidelberg, Saint Paul and Typhimurium were the most 
common. It was also found that these serotypes isolated were more resistant to 
streptomycin and tetracycline than any other antimicrobial (FDA, 2006). Kumar et 
al., (2010) reported 100% resistance towards methicillin, ciprofloxacin, 
nitrofurantoin, novobiocin, vancomycin from various foods (fish and meat) and fruits 
(banana, grapes) sources. In the same study, 100% sensitivity towards norfloxacin 
was also reported. The results suggested that ciprofloxacin resistant strains were 
emerging. In 2012. Indian Network for Surveillance of Antimicrobial Resistance 
Group (INSAR) reported antibiogram of Salmonella enterica serovar Typhi and 5'. 
enterica serovar paratyplii. In this report, a total of 3275 isolates of Salmonellae 
causing enteric fever were included. There were 2511 S. enterica serovar Typhi 
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strains (430 in 2008, 694 in 2009 and 1387 in 2010) and 764 S. enlerica serovar 
Paratyphi A strains (311, 217 and 236 in 2008, 2009 and 2010 respectively) during 
tlie study period. These strains were isolated predominantly from blood culture, Few 
isolates from pus, stool and urine also were also included in the study (INSAR, 2012). 
2.4 Staphylococcus aureus 
The first normal description of genus Staphylococcus was given by Rosenbach 
in 1884. Later clear differentiation was described on DNA based composition by 
Silvestri and Hill (Peacock, 2010). Staphylococcus aureus has been recognized as one 
of the most common causes of food borne infections in most of the countries of the 
world (Zahoor and Bhatia, 2007). Common symptoms of Staphylococcal intoxication 
include nausea, vomiting, retching, abdominal cramping, sweating, chills, prostration, 
weak pulse, shock, shallow respiration, and subnormal body temperature.The most 
common symptoms experienced with Staphylococcal food poisoning are nausea, 
vomiting, diarrhoea and abdominal cramping. These symptoms usually appear within 
1-6 h after consuming infected food. However, the onset and severity of illness are 
usually dependent on the amount of contaminated food eaten, the amount of toxin 
ingested and the susceptibility of individual to it. Growth of enterotoxigenic strains to 
equal or more than 10' CPU per gram food is generally considered necessary to 
produce enough to induce illness. A wide variety of foods have been observed with 
the transmission of Staphylococcus aureus, including meat, eggs, bakery and dairy 
products. S. aureus usually contaminate the food during the handling stage after 
cooking (Abubakar et al., 2007; Addis et ah, 2011; Torres-Vitella et al., 2012). 
Staphylococcal enlerotoxins {se) cause severe gastroenteritis (inflammation of 
the intestinal tract lining). Several antigenically various protein enterotoxins exist. To 
date, se A, B, CI, C2, C3, D, E, G, H, 1, and J have been identified (Balaban and 
Rasooly, 2000). The effective dose of enterotoxins to cause intoxication in humans is 
unclear (Mitchell and Wong, 2003). Enterotoxin A is the most toxic and the one most 
commonly involved in Staphylococcal food poisoning outbreaks. Data from outbreaks 
involving enterotoxin A indicate that less than l|xg of toxin can result in illness 
(Medina et al., 2005). The most common toxins implicated in Staphylococcal food 
poisoning are sek to seJ. which cause 95% of all outbreaks (Abubakar et al., 2007). 
S. aureus is characterized by gram-positive coccii, 0.5-1.5 jam in diameter, arranged 
singly, in pairs or in irregular 'grape like' clusters. They are found to be non-motile 
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and non-spore forming. The Staphylococcal cell wall has been reported resistant to 
lysozyme and sensitive to lysostaphin, which specifically cleaves the pentaglycin 
bridges of Staphylococcus spp. Staphylococcus aureus found to grow in a wide range 
of temperatures (7°C to 48.5°C with an optimum of 30°C to 37°C), pH (4.2 to 9.3, 
with an optimum of 7 to 7.5) and sodium chloride concentrations up to 15% NaCl 
(PeacocL2010). 
Staphylococcus aureus is one of the most common causes of food borne 
infections in most of the countries of the world (Zahoor and Bhatia, 2007). Centers for 
Disease Control and Prevention (CDC) in 2007 showed that the number of MRSA 
infections in clinical environment was doubled nationwide. The armual number of the 
infected cases increased from approximately 127,000 cases in 1999 to 278,000 in 
2005, and the annual death number also increased from 11,000 to more than 17,000 in 
the same time period. When comparing with patients without normal S. aureus 
infections, a 2004 study indicated that in the United States the patients who suffered 
from MRSA infections had approximately three times the length of hospitalization 
and three times the total cost (Noskin et al., 2005; Klein et al., 2007). In 1995, there 
was an estimated 13,989 cases of infectious intestinal illness caused by 5*. aureus in 
England and Wales (Mitchell and Wong, 2003). S. aureus has long been recognized 
as a pathogen in neonates. Staphylococcus aureus remains one of the most feared 
micro-organisms. Methicillin-resistant S. aureus (MRSA) has long been a common 
pathogen in healthcare facilities (Von Eiff et al., 2007; Agrawal et al., 2008). 
Methicillin resistant S. aureus (MRSA), commonly associated with hospital 
infections, caused a food borne outbreak when a delicatessen employee prepared 
coleslaw. Assays concluded that the employee carried the outbreak strain of MRSA, 
which was presumably transferred from a nursing home that the employee frequently 
visited (Jones et al., 2002). 5*. aureus has been reported transiently in the oropharynx 
(Smith et al., 2001), faeces (Arvola'fet al, 2006), nostrils and skin of human (Djouhri 
Bouktab, 2011; Verhoeven et al., 2012). 
2.4.1 Incidences in foodstuffs 
S. aureus does not cause illness by the bacteria itself unlike other common 
food borne pathogens such as E. coli or Salmonella. Instead, the enterotoxin produced 
by S. aureus can lead to food poisoning under certain conditions when the food has 
been contaminated by S. aureus (Ding^ et al., 2000; Pereira et al., 2009). Since S. 
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aureus is ubiquitous food contamination with the pathogen is common (Kitai et al., 
2005; Normanno et al, 2005; Pu et al., 2009). Various food products including meat 
products, eggs, dairy products, vegetables and other processed food such as sandwich 
fillings or chocolate eclairs are frequently contaminated by S. aureus and incriminated 
for S. aureus food poisoning (Normanno et al., 2005). Since S. aureus can colonize on 
various sites of animals such as pig or cow asymptomatically. Therefore, these 
animals may serve as reservoir and/or a transmission vehicle of spreading S. aureus 
and MRSA. Food products derived from the animals may be contaminated with S. 
aureus or MRSA during slaughtering and processing (Vanderhaeghen et al., 2010). 
An outbreak of Staphylococcal food poisoning by enterotoxin H was reported in raw 
milk used in the preparation of mashed potato (Jorgensen et al., 2005). While in 
another outbreak, enterotoxic Staphylococcus aureus was reported in raw milk from 
yaks and catties in Mongolia (Tsegmed et al., 2007). S. aureus and MRSA have been 
isolated from meat or dairy products in several countries including United States, 
Netherlands, Italy, Austialia, Japan and China (Kitai et al, 2005; Normanno et al., 
2005; Pereira et al., 2009; Pu et al., 2009; Yan et al., 2012). 
2.4.2 Status of 5. aureus in India 
Singh and Kulshrestha (1993) conducted a study on prevalence of 
Staphylococcus aureus in fish and fish products sea food samples purchased from 
various markets of India, viz. Bombay, Delhi, Calcutta, Bijnore and Bareilly. Isolates 
of S. aureus could be isolated from sea foods of Bombay, Bareilly and Delhi fish 
markets from fresh water fish, dried fish, dried prawn and fish eggs samples. 
Raghavan (2003) isolated S. aureus in the study of shrimp's feeds during the 
screening of incidence of human pathogenic bacteria of commercial and farm-made 
feeds used in the various shrimp culture systems of south India. In India, Agrawal et 
al., (2008) isolated S. aureus from open fractures, bedsores and wounds clinically 
suspected to be infected, swabs from orthopaedic hospital, Jabalpur (M P). The report 
showed 18.91% incidence of S. aureus. A number of pathogenic and potentially 
pathogenic bacteria including Staphylococcus have been isolated from milk and fishes 
in India (Sugumar et al., 2001; Baruah et al., 2008; Khesar et al., 2008). A broad 
study on important bacterial food contaminants with respect to their isolations, 
biotyping, serotyping, pathogenicity in various common laboratory animals was 
undertaken in a quest to develop a reliable technique for their early detection by 
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Sharma and Singh (2008). In this investigation, a total of 939 samples from various 
parts of the State of Himachal Pradesh, India were collected including milk and milk 
products, meat (mutton, poultry, and chevon), and fish. The isolation of 5'. aureus was 
positive in all the food samples studied. It was highest in raw milk (41.35 per cent). 
Street vended fruit juices analyzed from Mumbai city, India showed absence of S. 
aureus in all the lime juice samples studied, whereas 50% of sugarcane juice and 20% 
of carrot juice showed contamination by S. aureus (Mahale et al., 2008). Saikia and 
.loshi (2010) reported .S". aureus (20%) in a study of pathogenic contaminants in 
various parts of chicken meat collect from local meat markets of North-East India. 
Recently, in a study S. aureus was recovered from various food sources viz. meat, 
chicken waste, raw milk, bakery products etc. (Niveditha et al., 2012). 
2.4.3 Detection o{ Staphylococcus aureus from foods 
2.4.3.1 Conventional isolation methods 
Various media have been developed to isolate Staphylococci in presence of 
other organisms. In the past, isolated colonies were required subsequent culturing to 
assay coagulase production. Several investigators described a variety of media 
selective for gram-positive bacteria (Columbia CNA, Remel, Lenexa, KS, U.S.) or 
media selective for MRSA (CHROM agar MRSA). On the CHROM agar plate, 
MRSA appeared as distinctly round, mauve-coloured colonies. Previously, CHROM 
agar has been shown to be a highly sensitive and specific media for the detection of 
MRSA (Malhotra et al., 2010). Staphylococcus medium 110 (SMI 10), also known as 
stone gelatin agar, has been widely used by various workers. SM 110 contains 
peptone as a source of carbon, nitrogen, vitamins and minerals. Yeast extract supplies 
B-complex vitamins which stimulate bacterial growth. Sodium chloride, in high 
concentration, inhibits most bacteria other than Staphylococci whereas lactose and D-
mannitol serve as carbohydrates. Pathogenic Staphylococci (coagulase-positive 
Staphylococci) typically resist the high salt concentration and form colonies with a 
yellow-orange pigment. These organisms typically ferment mannitol and produce 
acid, and liquefy gelatine, producing zones of clearing around the colonies (Difco, 
2010). 
Potato Dextrose Agar (PDA) and Mannitol Salt Agar (MSA) are based on high 
salt concentration and mannitol fermentation. Chapman in 1945 developed the 
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Mannitol Salt Agar for isolation of Staphylococci which was based on the fact that 5", 
aureus can withstand the osmotic pressure created by 7.5% NaCl, on the other hand 
this NaCl concentration inhibits the growth of most of the other gram-positive and 
gram-negative bacteria. Additionally, MSA contains mannitol and uses phenol red as 
a pH indicator (pK = 7.8) in the medium. At pH levels below 6.9, the medium is a 
yellow colour. In the neutral pH ranges (6.9 to 8.4), the colour is red; while above pH 
8.4, the colour of phenol red is pink. When mannitol is fermented by a bacterium, acid 
is produced, which lowers the pH and results in the formation of a yellow area 
surrounding an isolated colony on MSA. A non-fermenting bacterium that withstands 
the high salt concentration would display a red to pink area due to peptone breakdown 
(Becton and Dickinson, 2005, 2010; Bachoon and Dustman, 2008; Neogen, 2008). 
Baird-Parker in 1962, reported Baired Parker Agar (BPA) which was found to 
be particularly appropriate for the enumeration of coagulase positive Staphylococci. 
The growth of Staphylococci is favored by sodium pyruvate and glycine. 
Accompanying microflora is inhibited by lithium chloride,potassium tellurite (added 
extemporaneously), as well as a high concentration of glycine. Enrichment with egg 
yolk aids in identification by showing the action of lecithinase. The characterization 
of Staphylococcus aureus, black colonies on BPA due to the reduction of tellurite to 
telluride, surrounded by clear halos, may be complemented by the coagulase assay 
and optionally by the deoxyribonuclease and phosphatase assays (Neogen, 2010). 
Few years back, Chromogenic media for S. aureus isolation was found to have 
unique property with high sensitivity of more than 95%, making it possible for 
accurate and easy identification of the coagulase positive S. aureus with purple 
colonies which in contrasts with other species exhibiting blue or colorless colonies 
(Manafi et al., 2004; Taciuchi and Nakamura, 2005; Tavakoli, 2006). Later, several 
chromogenic media have been reported for the selective and specific isolation and 
identification of MRSA (Gravelarid et al., 2009; Nonhoff et al., 2009). 
34 
2.4.3.2 Immunoassays 
Staphylococcal enterotoxins have been classified as members of the pyrogenic 
toxin superantigen family because of their biological activities and structural 
relatedness (Balaban'and Rasooly, 2000; Dinges et al., 2000). 
Double immuno-diffusion assays have been described for detection of capsular 
serotypes and surface polysaccharide serotype (Ma et al., 2004; Von Eiff et al, 2007). 
EIA has also been reported for detecting Staphylococcal enterotoxin (se). However, 
many drawbacks impair the development and use of these techniques (Schlievert, 
2007). The ELISA test will not detect the other Staphylococcal enterotoxins, which 
partly explains some discrepancies that have arisen in the analysis of food extracts 
from Staphylococcal food poisoning outbreaks. Another drawback is the low 
specificity of some marketed kits, where false positives may occur depending on food 
components. Other interferences are associated with endogenous enzymes, such as 
alkaline phosphatase or lactoperoxidase (Hennekinne et al., 2010). Among them, 
only extraction followed by dialysis concentration has been approved by the EU to 
extract Staphylococcal enlerotoxin from food (European community, 2007). 
The presence of SEs in food using commercial EIA kits designed to detect seA 
to seE (Bennett, 2005; Hennekinne, 2007). Yeh et al, (2010) described the 
development of an immunoassay using an antibody-silver nanoparticles (Ab-AgNP) 
conjugate as a catalyst for the silver enhancement reaction. An EZ-Step MRS A rapid 
kit, a novel screening test for methicillin-resistant Staphylococcus aureus (MRSA) has 
been described to direct detection of penicillin-binding protein 2a from MRSA 
positive clinical blood culture samples (Shin et al, 2010). Some other immunoassay 
developed also by using various antibodies (Sandhu et al., 2012; Kumar et al., 2012). 
2.4.3.3 Polymerase chain reaction (PCR) 
Several studies have been conducted for designing primers and replicons, 
targeting cap8A-B (Park et al., 2006), nuc gene (Brakstad et al., 1992), seA to sei 
genes among -S*. aureus (.Tohnson et al., 1991; McLauchlin et al, 2000; Akineden et 
al., 2001; Rosec and Gigaud, 2002; Becker et al., 2003). Onasanya et al., (2003) 
reported genetic fingerprinting and phylogenetic diversity among Staphylococcus 
aureus isolated from human, pig, cow, soybean in Nigeria, 
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The PCR has also been applied in investigating prevalence of enterotoxin 
genes (seA-seE) in pathogenic S. aureus isolated from crude milk (Chapaval et al., 
2006). Similar enterotoxin genes were also reported in cow, sheep and goat raw milk 
and sheep cheese (Tkaaikova et al., 2003). An investigation carried out to 
genotypically characterize Staphylococcus aureus isolated from bovine mastitis cases. 
They have used oligonucleotide primers that amplifiy genes encoding coagulase 
(coa), clumping factor (elfA), thermonuclease (nuc), enterotoxin A (entA), and the 
gene segments encoding the immunoglobulin G binding region and the X region of 
protein-A gene (spa) (Kalorey et al., 2007). 
A muhiplex PCR technique was described for the detection of major food 
borne pathogens like Salmonella spp., Shigella spp., Bacillus cereus, Listeria 
monocytogenes, and Staphylococcus aureus from ready-to-eat (RTE) food in Korea 
(Yun et al., 2008). Several other studies have also been conducted on simultaneous 
detection of S. aureus v\ iih other important food borne pathogens. PCR assays that 
can screen for 18 Staph) lococcal enterotoxin (se) genes have been developed and the 
distribution of these genes was examined in enterotoxigenic coagulase-positive 
Staphylococci, including reference strains and isolates that have been collected from 
Ibods and Staphylococcal food poisoning outbreaks (SFPOs) in France since the 
1980s. A total of 28 strains displaying multiple enterotoxin genotypes were selected 
for further mRNA expression kinetics studies (Hennekinne et al, 2010). Several other 
workers have described the use of PCR in detection ofS. aureus from various human, 
animal and food sources (Parreira et al, 2009; El-Jakee et al, 2010: Sowmya 2012). 
2.4.4 Antibiotic resistance in .S". aureus 
Before the firsl antimicrobial was discovered, the mortality of S. aureus 
bacteremia was over 80%, and more than 70% of patients developed metastatic 
infections (Lowy, 2003). In early 1940s, the introduction of penicillin significantly 
increased the survival rale of S. aureus infections. However, only 2 years later, the 
first penicillin resistant 5. aureus was isolated in a clinical environment, and since 
then resistance pattern has been spreading from hospital to community (Chambers, 
2001). Penicillin is inaclivated by penicillinase (beta (P)-lactamase) (Lowy, 2003). 
Methicillin, as the first (5-lactamase resistant penicillin, was used to treat S. aureus 
infection in 1961. The fist methicillin-resistant S. aureus (MRSA) was identified in 
the United Kingdom in the same year. It appeared in the United States in 1981 among 
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intravenous drug users (Ilealy et al., 2004). Although there is no exact definition for 
MRSA currently, MRSA is commonly referred to as multidrug resistant S. aureus or 
oxacillin-resistant S. aureus (ORSA). It is a special group of S. aureus that have 
acquired the ability to resist a large group of antimicrobials called the beta-lactams, 
including penicillin, methicillin, dicloxacillin, oxacillin and cefoxitin. In the United 
States, a significant increase in the number of MRSA infections has been observed 
during the past decade. A 2007 report from Centers for Disease Control and 
Prevention (CDC) showed that the number of MRSA infections in clinical 
environment have doubled nationwide. The annual number of the infected cases 
increased from approximately 127,000 cases in 1999 to 278,000 in 2005, and the 
annual death number also increased from 11,000 to more than 17,000 at the same time 
period (Klein et al., 2007). 
The various isolates of S. aureus show various characteristics features in their 
susceptibility/resistance towards antibiotics. Singh and Kulshrestha (1993) reported 
100% sensitivity to polymyxin-B, gentamycin, cephalexin, whereas, only one isolate 
from fish and fish products was resistant to erythromycin. Agrawdl et al., (2008) 
reported sensitivity of 5'. aureus isolates against cefoperazone, ticarcillin, torbamycin, 
ciprofloxacin, cloxacillin, cefotaxime, ceftriaxone The isolates showed resistance 
towards amoxicillin, ampicillin, amikacin, penicillin, methicillin, nalidixic acid, 
azithromycin, nitrofurantoin, clindamycin. Recently, in a study in Ethiopia, 5". aureus 
isolates demonstrated a sensitivity of 100% to chloramphenicol followed by 
gentamycin (91.7%), kanamycin (88.9%) and streptomycin (86.1%). In contrast, 
isolates were highly resistant to penicillin (94.4%), trimethoprim and 
sulfamethoxazole (58.3%) and amoxicillin (36.1%) (Abera et al., 2010). Receently, 
some investigators reported higher percentage of mulfidrug resistant S. aureus 
(34.8%) from various milk sources (Allan et al., 2012). 
2.5 Escherichia coli and Verotoxic E. coli 
Theobald Eschrich isolated an organism Bacterium coli, commonly now 
known as Escherichia coli while attempting to isolate the etiologic agent of cholera in 
1985 from faeces of neonates. Later, it was recognized as a predominant flora in the 
intestine of human and all warm blooded animals, causing distinct diarrhoeal and 
extra-intestinal diseases. Seven various types of pathogenic E.coli have been reported 
viz. Enteropathogenic (EPEC), Enterotoxigenic (ETEC), Enteroinvasive (EIEC), 
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Enteroaggregative (EAEC), Enterohaemorrhagic/Verotoxic/Shiga toxin producing 
E.coli (EHEC/VTEC/STEC), Diffusely adherent (DAEC) and Cytolethal distending 
toxin (CDT) producing E.coli. Among these VTEC/STEC is one of the important 
groups of E.coli frequently implicated in food borne episodes. The term Verotoxic or 
Vero cytotoxigenic or Vero cytotoxin producing E.coli (VTEC) is derived from the 
observation that these strain produce cytopathic effects on Vero (African green 
monkey kidney) cells. The name Shiga toxin producing or shiga toxigenic E.coli 
(formerly shiga like toxin producing E.coli) comes from the fact that one of the 
cytotoxins produced is identical to the shiga toxins (Stx) produced by S. dysentriae. A 
proposal to cover all these cytotoxins has been made to use the name shiga toxin but 
the terms VTEC and STEC are interchangeable (Lahti, 2003; AFRC, 2007). 
Haemorrhagic colitis or "ischemic colitis" is a distinct clinical syndrome that is 
represented typically with abdominal cramps and watery diarrhoea followed by a 
haemorrhagic discharge resembling lower gastrointestinal bleeding. Haemorrhagic 
uremic syndrome was firstly described as a distinct clinical entity. HUS is defined by 
a triad of features; acute renal failure, thrombocytopenia, and micro-angiopathic 
haemolytic anemia. HUS has been reported in a variety of clinical and 
epidemiological settings, and several various agents, including drugs, chemicals, 
toxins, and microbes. Thrombotic thrombocytopenic purpura (TTP) first described in 
1924, TTP closely resembles HUS in its clinical-pathological features, but differs in 
showing prominent neurological signs and fever (Kok et al., 2001; Islam' et al., 2008). 
VTEC have most probably been present in the environment for many years as 
unrecognized causative agents of human morbidity and mortality, as in the outbreak 
caused by E. coli 0111 strains in USA in the 1950s (Belnap and O'Donnell 1955). 
The involvement of non-0157:H7 VTEC strains in human food borne outbreaks have 
increased dramatically in the past decade. In Australia and Argentina, non-0157 
VTEC infections appear to be more common than 0157:H7 infections, and in 
Germany non-0157 VTEC serotypes have replaced 0157:H7 as the VTEC most 
commonly isolated in 11 US cases. The most common non-0157 VTEC serogroups 
associated with human diseases are 026, 0111, 0128, and O103. Infecfions by 0111: 
H in Italy and Australia are well documented, as infections by 0111 :H2 in Germany, 
by 0111:H8 in the USA, by O103:H2 in France, the USA and Germany, by 0145:H5 
in Japan and by 0104:1121 in the USA. In December 2005, an outbreak of HUS 
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associated to 026 VTEC contaminated unpasteurized Camembert cheese was 
recognized in France. More than 50 serotypes other than STEC 0157 are capable of 
producing Haemorrhagic colitis and HUS (Hussien et al., 2001), In Italy, in 2005 six 
children infected with 026 VTEC developed HUS in Salerno Province and one of 
them died (Bonardi et al., 2005).The 0:H serotypes of human VTEC isolates have 
been reported by various workers worldwide (Scotland et al., 1987, 1998; Smith et al., 
1987; Bettelheim et al., 2003; Akter et al., 2005; Bugarel et al., 2012). 
2.5.1 Incidences of Verotoxic E. coli in foodstuffs 
Among the various groups of E. coli, Verotoxin producing E. coli (VTEC) have 
emerged as important food borne pathogens in humans (Mckee et al., 2003) because it 
can be transmitted through the consumption of contaminated food or food products, 
water, faecal-oral route. Verotoxin producing E.coli (VTEC) was first recognized as 
human enteric pathogen in 1982, when a major form of VTEC serotypes 0157:H7 
caused two major outbreaks of haemorrhagic colitis in Oregon and Michigan, USA 
(Wani et al., 2004). The outcome of several research works have suggested that the 
dairycattle among animals are an important reservoir of VTEC and thus, pose the risk 
of transmission of these potentially dangerous organisms to human beings through 
contaminated milk or meat. Milk becomes contaminated on the farm by various 
operations or by cross contamination at the processing centre (McKee et al., 2003; 
Karmali et al., 2010). In view of the pathogenic nature of this organism, the presence 
of this organism in food products including milk and meat products and water are of 
considerable public health significance. Numerous meat products like ground meat, 
hamburgers, fresh pork sausages and kababs etc. are reported to harbour E. coli with 
varying prevalence (Rathore et al., 2002; Mishra, 2004; Bhong , 2006; Dhanashree 
and Mallya, 2008; Manna et al., 2010). In Trinidad, 3.6% of bulk milk samples were 
found to contain Verotoxic E. coli. Of these E. coli 0157 was isolated from 3 (19.1%) 
samples (Al-Charrakh and Al Muhana, 2010). Recently a study carried out on 
prevalence of STEC in meat and traditional dairy products in Iran. E. coli non-0157, 
E. coli 0157:NM and E. coli 0157:H7 were isolated from 14 samples (7%), 3 
samples (1.5%) and 1 sample (0.5%) of the 201 dairy products, respectively (Rahimi 
etal., 2012b). 
Verotoxic E. coli have been associated with Haemorrhagic urinary syndrome 
(HUS) and urinary tract infections have been reported. The serotype 0157 had been 
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reported from the largest outbreak in UK occurring in central Scotland where more 
than 500 cases of infection and 21 deaths were reported. However, more than 100 non 
0157 serotypes of E. coli have been recognized as VTEC. (Scheutz et al., 2000; 
Willshaw et al., 2001; Gerber et al., 2002; Liptakova et al, 2005; Bonyadian, et al., 
2010). The serotype 026:H11, 076:H7, 0146:H5, Orough: H12, 0118:H12 and 
0128ab:H2 have been reported in diarrhoeal or HUS patients from England 
(Willshaw et al, 2001). The serotypes 06,08, 015, O20, 025, 027, 036, 044, 063, 
078, 0127, 0146 and 0167 have been reported as VTEC from human faecal samples 
associated with diarrhoea (Akter et al., 2005; Allison and Hanson, 2010; Rivero et al., 
2010). 
2.5.2 Status of Verotoxic E, coli in India 
Several studies have reported varying degree of presence of Verotoxic E. coli 
in various foods in India. Various food products viz. kababs, khoa, paneer, burfi, peda 
have also shown to harbour Verotoxic E.coli (Rathore et al., 2002; Purushottam et al., 
2003). In a study, 89.19% of 37 isolates from man, animals and foods of animal origin 
were found to be Verotoxic VGA; they also demonstrated the presence of virulent 
genes including vti, vt2, eae and hlyA gene (Rathore, 2000). The organism has been 
isolated from fruits, vegetables (Singh'et al., 1996b), variety of ready to eat foods 
including sausage, kababs, cheese, ice cream, burfi, peda, khoa and sweet etc. 
(Ahmed and Sallam, 1991; Singh et al., 1996a; Rathore et al, 2002), various raw 
meats viz. chicken , mutton and beef (Banerjee et al., 2001: Ghattopadhya et al., 
2003). and water (Shrivastava et al., 2004; Hamner et al., 2007; Ram et al., 2008). 
Several investigators have also reported VTEG from human diarrhoeic samples (Nair, 
2002; Sehgal et al., 2008). In recent years, the serotypes 01 , 02, 03, 04, 06, 010, 
012, 015, 018, O20, 021, 023, 025, 048, O60, 073, 084, 086, OlOl, 0111, 0138, 
0139, 0140, 0148, 0152, 0153, 0156, 0158, 0159, O160, 0168, 0169, and 0172 
have been reported from stool and meat samples (Dhanashree and Mallya, 2008; 
Allison and Hanson, 2010). Most of them found to be pathogenic to human and 
animals. 
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2.5.3 Detection of Verotoxic E. coli 
2.5.3.1 Conventional methods 
EHEC is a subgroup of Verotoxin producing E. coli and 0157: H7 strain is the 
prototype of this subgroup. Detection of E. coli 0157: H7 is based on sorbitol 
fermentation and glucoronidase activity. E. coli 0157: H7 neither ferments sorbitol 
within 24h nor shows fluorescence under UV light when cultivated on a medium 
containing MUG (4-methyl umbeliferyl glucoronidase). Thus, culture methods for its 
detection depend on non-fermentation of sorbitol and a glucoronidase negative 
activity. Sorbitol MacConkey agar supplemented with MUG (SMAC-MUG) can be 
used for initial screening of the pathogen after enrichment of samples. However, this 
isolation protocol does not give clear idea about the presence of several non 0157:H7 
Verotoxic E.coli (Aldus ct al., 2003). For the isolation and confirmation of VTEC, 
conventional isolation of E. coli on MacConkey agar/EMB agar and subsequent 
confirmation by Verotoxicity assay or immunoassays is most commonly used. 
Enrichment broth media containing selective antibiotics and chemicals such as 
cefixime, novobiocin, tellurite, cefsulodin etc. have been used for enrichment prior to 
plating on the solid medium (AFRC, 2007). 
2.5.3.2 Tissue culture assay 
Vero cytotoxicity assay (VCA) i.e. cytopathic effect on Vero cells is one of the 
most commonly used methods to identify Verotoxic E. coli. Since, the pioneering 
work in 1977 by Konowalchuk and co-workers, faecal and other supernatant 
preparations have been successfully applied to Vero cells and the characteristic 
cytopathic effects were observed (Karmali et al., 1983). The ultimate assay to detect 
the Vero cytotoxicity of a potential toxin known as Vero cytotoxin is whether it 
affects Vero cells, with the production of specific cytotoxic effects. Studies have 
confirmed the value of direct assaying for Vero cell cytotoxicity (Cermelli et al., 
2002). Several workers have used toxin assay in microtitre tissue culture plates for 
detection of cytotoxic effect (Akter et al, 2005; Al-Charrakh and Al-Muhana, 2010). 
2.5.3.3 Immunoassays 
Over the years, a number of immunological methods (enzyme immunoassays, 
colony blot and passive agglutination assays) for detection of VTs have been 
developed. The eight various EIA/ELISA assays for VT detection were developed and 
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commercially distributed (Scheutz et al, 2001). During the past decade, a number of 
Enzyme-linked immunosorbent assay (ELISA) have been developed including 
commercial kits. Lipopolysaccharide (LPS) antigen of various serogroups of VTEC 
have been used for detection of specific antibodies in patients serum but it has limited 
application as antigen is serogroup specific (Bhong, 2006). Numerous isolation 
methods using antibodies specific to particular VTEC serogroups are available. 
Immunomagnetic separation (IMS) method also has been used for the recovery of 
target cells by using paramagnetic beads. There is no standardized protocol for other 
VTEC, however, IMS has been shown to be useful in recovery of specific serogroups 
from food and faecal samples (AFRC, 2007). 
Ge et al, (2002) combined PCR with ELISA to develop a sensitive and 
specific method for VTEC detection in foods. Parreira and Gyles, (2002) to identify 
avian VTEC, developed a similar assay. Premier-EHEC (Meridian Bioscience, Inc., 
7Cincinnati, OH, USA) ELISA detects VT in specimens by an immunological method 
and has been successfully used to screen eight specimens for VTEC (Kirchgatterer et 
al. 2002; Klein et al., 2002). The use of nucleic acid lateral flow immunoassays 
(NALFIA) as biosensors for the detection of verotoxin gene among Shiga toxin 
producing E. coli has also been reported. In NALFIA, nucleic acids can be captured 
on the lateral flow test strips either in an antibody-independent or antibody-dependent 
manner (Noguera et al., 2011). Recently, Clotilde et al., (2011) used the luminex 
technology that detects multiple analytes in a single 50 ml sample. The immunoassay 
was developed for simultaneously serotyping E. coli 0157 and detecting stxi and/or 
stX2 using commercially available monoclonal antibodies coupled to carboxylated 
magnetic microbeads. 
2.5.3.4 Polymerase chain reaction (PCR) 
Polymerase chain reaction can be utilized to detect the virulence associated 
genes of pathogenic E. coli. Crude lysates or DNA extracts from single colony, mixed 
broth cultures or direct extract of faeces or foods can be used to detect bacterial DNA. 
PCR technique has been utilized for the detection of verotoxin {vti and vt2) genes, eae 
genes, E-hly genes etc. from various types of foods, faeces and clinical samples 
(Gannon et al, 1992; Schmidt et al., 1995; Sandhu et al., 1996; Bonnet et al., 1998; 
Ziebell et al., 2002; Chattopadhya et al., 2003; Yadav et al., 2007; Ramamurthy et al., 
2008; Bonyadianetal., 2010). 
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PCR combined with ELISA (Ge et al, 2002) to develop a sensitive and 
specific detection method for VTEC in foods. The principle of the method is the 
incorporation during the PCR amplification process, of dioxygenic labelled dUTP and 
a biotin-labelled primer specific for the vt genes. The labelled PCR products, bound to 
streptavidin-coated wells of a microtitre tray through the biotin, are then detected by 
an ELISA technique. This was also used to identify avian VTEC (Parreira and Gyles 
2002). PCR was found to be rapid, senshive and highly specific method to detect vt 
gene within in a working day (Nazmuf, 2008).The assay has been described to be 
promising, reliable and rapid method for detection of E. coli from milk and milk 
products (Purushoftam et al., 2003; Al-Charrakh and Al-Muhana, 2010). 
2.5.4 Antibiotic resistance among Verotoxic E. coli 
The emergence of resistant bacterial strains against antimicrobial agents has 
now become one of the major public health concerns in both in developed and 
developing countries in recent years. The problem is aggravated in developing 
countries due to uncontrolled use of antibiotics (Amabile-Cuevas, 2010). E. coli 
strains were found to be sensitive to ciprofloxacin, gentamycin, amikacin, 
chloramphenicol, nalidixic acid, enrofloxacin (Dubey et al, 2001; Kumari et al., 
2002; Chattopadhyay et al., 2003; Al- Charrakh and Al-Muhana, 2010). Whereas, 
resistant to ampicillin, tetracycline (Bettelheim et al., 2003; Chattopadhyay et al., 
2003; Al Charrakh and Al Muhana, 2010) and cephalexin (Sharma et al., 1995). Raji 
et al., (2006) reported that out of 11 E. coli isolates, 81.8% were resistant to 
amoxyclav, 54.5% to neomycin and 36.3% to sulphamethaxole. In another study by 
Dhanashree and Mallya (2008) 77.5%, 55.0%, 32.5% and 17.5% resistance towards 
the ampicillin, cephoxitin, cefuroxime and cephotaxime respectively was reported 
from meat samples. 
2.6 Enumeration of microbial load in food samples 
In most developing countries, food safety systems are dysfunctional and, 
despite increasing concern from consumers, India is not exception. A recent internet 
discussion pointed out that regulation isn't working, adulteration is widespread, 
testing inadequate, corruption rampant, rules not effective or followed and there are 
major hygiene and safety problems in all areas of food production and retailing 
(Solution Exchange, 2008).Therefore, intermittent microbial analysis and constant 
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monitoring are necessary and continue to produce hygienic and wholesome meat, 
milk and milk products to ensure safe public health. 
The various investigators are observing microbiological quality of beef, raw 
chicken, fish, milk and milk products, regularly. Mukhopadhyay et al., (2008) 
reported the total aerobic plate count (TAPC) and coliform count (TCC) from beef 
and chevon. The TAPC ranged from logio 5.4 to 8.5 cfu g'' whereas TCC ranged from 
logio 3.0 to 7.5 cfu g" in various samples of beef. Kumar et al., (2011) assessed the 
microbial quality of ready to eat meat product sold in Prabhani city, India. The author 
reported total aerobic count of 2-4.0 xlO^ cfu g"' whereas 1.8-5.3x10^ cfu g"' faecal 
coliform counts. The aerobic colony counts in meat pies usually prepared from beef 
ranging from 0.2x10^ cfu g'' to 8.0 xlO^ cfu g"' observed by Faloa et al., (2011). In 
this study, mean count of total coliform was obtained as 7.6 xlO^ cfu g"'. Several other 
investigators also investigated the various products derived from beef (Kandeepan and 
Biswas, 2007; Selvan, et al, 2007) 
Yousuf et al, (2008) reported the total aerobic plate count (TAPC) and 
coliform count (TCC) from shrimp and prawn. The TAPC and TCC ranged from 2.04 
X 10^  - 4.5 X 10^  cfu g"' and 5.4 x 10^  - 8.5 x 10^  cfu g"' respectively. Jha et al., (2010) 
reported total plate count from 49 xlO^ cfu g'' to 139 x 10 cfu g"' in various fishes. In 
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the same study, author also reported total coliform count of 39 xlO cfu g" to 140 x 
lO'^  cfu g"'. Prabakaran et al., (2011) assessed the microbiological quality of a fish 
processing plant. They reported total plate count of <10 cfu g" to 65 x 10 cfu g' . 
Ruban and Fairoze (2011) reported total viable count (TVC) from 3.8±0.01 to 
5.3±0.07 in raw chicken meat processed in different conditions. The microbial profile 
of broiler meat was observed by Javadi and Safarmashaei (2011). They assessed the 
total bacterial count and coliform count of logio 5.06 cfu g' and logio 4.03 cfu g"' 
respectively. 
In a study, on microbiological monitoring of raw milk and yoghurt, the aerobic 
bacterial counts ranged between 5.0 x lO"* to 2.2 x 10^  cfu ml"' from raw milk and 
yoghurt samples were reported (El-Diasty and El-Kaseh, 2008). Lingathurai and 
Vellathurai (2010) found mean total plate count (TPC) of 12.5x10^ cfu ml'' from fresh 
cow milk collected from different farms. Batool et al, (2012) reported average total 
viable count (TVC) of logio 4.5 cfu ml"' from raw milk whereas logio 1.3 cfu ml'' 
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from pasteurized milk. Investigators also assessed coliform count which was found 
logio 3.5 cfu ml'' in raw milk samples. 
The several health agencies have established the microbial criteria of 
important bacterial pathogens including Campylobacter, E. coli, L. monocytogenes, 
Salmonella and S. aureus for various foods in developed (Gilbert et al., 2000) and 
developing (FSSAI, 2011) countries. However these pathogens are found involved in 
various food and food products from all over the world including India (Jorgensen et 
al., 2002; Luber and Barteh, 2007; Rosenquist et al, 2006; Rindhe et al, 2008). 
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Materials and Methods 
3.1 Isolation and biochemical characterization of bacterial pathogens from 
collected food samples. 
3.1.1 Biologicals and chemicals 
3.1.1.1 Bacterial strains 
The bacterial strains used in this study are listed in table Ml. The Verotoxic E. 
coli (19K & K113) were obtained from Department of Veterinary Public Health, 
IVRI, and used as standard strains. All the strains were examined for their cultural, 
morphological, biochemical traits and certain virulence characteristics. The strains 
were maintained by sub culturing in brain heart infusion (BHI) broth/agar using 
standard method as described by Cappuccino and Sherman (1992). 
3.1.1.2 Chemicals, buffers, reagents and media used 
Chemicals and reagents used in this study were procured from various reputed 
national and international firms as listed in table M2. Microbiological media and the 
stock and working solutions of various reagents used in the present study are given 
below: 
3.1.1.2.1 Microbiological media: All microbiological media were prepared as per the 
instruction of manufacturers or standard methods used. Medium was autoclaved at 
12rC for 15 minutes. The sterile supplements were added into the media at 45-50''C 
after autoclaving wherever required. 
Agar Listeria according to Ottaviani and Agosti (ALOA) 
Basal medium: Meat peptone - 9.0 g; Tryptone - 3.0 g; Yeast extract - 5.0 g; Sodium 
pyruvate - 1.0 g ; Glucose - 0.5 g; Magnesium glycerophosphate - 0.5 g; Magnesium 
sulphate - 0.25 g; Sodium chloride - 2.5 g; Lithium chloride - 5.0 g ; Dihydrogen 
phosphate anhydrous- 1.25 g; 5-bromo-4-chloro-3-indolyl-P- D-glucopyranoside-
0.025 g; Agar - 6.75 g; distilled water - 500 ml; pH - 6.8±0.2. 
ALOA enrichment supplement: L-a-fosphatidylinositol - 1.0 g. 
ALOA selective supplement: Nalidixic acid-10 mg; Ceftazidime-10 mg; 
Cyclohexamide-25 mg; Polymyxin B-38350 lU. 
The basal medium was suspended in 500 ml of distilled water and sterilized by 
autoclaving at 12rC for 15 minutes. Cool to 48-50°C added the contents ALOA 
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Table Ml: Standard/Reference bacteria! strains used in this study. 
S.No. Name of the Organism Source 
2. 
3. 
Campylobacter jejuni 
(NCTC 11168) 
Campylobacter coli 
(MTCC 1126) 
Listeria monocytogenes 
(MTCC 657) 
Listeria ivanovii 
(NCTC 11846) 
Division of Veterinary Public Health, 
IVRl, Bareilly, India. 
Division of Veterinary Public Health, 
IVRI, Bareilly, India. 
IMTECH, Chandigarh, India 
Division of Veterinary Public Health, 
IVRI, Bareilly, India. 
5. 
6. 
8. 
9. 
10. 
12. 
13. 
Listeria inoccua 
(NCTC 11288) 
Rhodococcus equi 
(MTCC 1135) 
Salmonella enteritidis 
(E 2094) 
Salmonella typhimurium 
(MTCC 98) 
Staphylococcus aureus 
(MTCC 1145) 
Staphylococcus epidermidis 
(MTCC 435) 
Verotoxic E. coli 
(K113) 
Verotoxic E. coli 
(19 K) 
E. coli (non VTEC) 
(MTCC 443) 
Division of Veterinary Public Health, 
IVRI, Bareilly, India. 
Division of Veterinary Public Health, 
IVRI, Bareilly, India. 
National Salmonella Centre, 
Division of Veterinary Bacteriology, 
IVRI, Bareilly, India. 
National Salmonella Centre, 
Division of Veterinary Bacteriology, 
IVRI, Bareilly, India. 
Division of Standardization 
IVRI, Bareilly, India. 
Division of Veterinary Public Health, 
IVRI, Bareilly, India. 
Division of Veterinary Public Health, 
IVRI, Bareilly, India. 
Division of Veterinary Public Health, 
IVRI, Bareilly, India. 
Division of Veterinary Public Health, 
FVRI, Bareilly, India. 
E. coli 0151 
(ATCC 43889) 
Division of Veterinary Bacteriology, 
IVRI, Bareilly, India. 
MTCC - Microbial type culture collection, Chandigarh, India, 
ATCC - American type culture collection, USA, 
Kl 13 and 19K-Laboratory isolates of Division of Veterinary Public Health. IVRI. Bareilly, India, 
E 2094 - Laboratory isolates of National Salmonella Centre. Division of Veterinary- Bacteriology, 
IVRI, Bareilly, India. 
Table M2: List of chemicals/reagents/microbiological media used in this study. 
Chemicals/biochemicals/drugs Source 
Agarose MB I, Fermentas (India). 
ALOA Biolife, Italiana, Italy. 
Bailed Parker agar, Brain Heart Infusion (BHI) broth, Hi- media (India). 
Buffered Listeria Enrichment broth, Christensen's urea agar, 
Eosin methylene blue (EMB) agar, Hektoen enteric (HE) 
agar, Lactose broth, MacConkey Broth, modified Campy 
Blood Free Agar (mCCDA), Motility agar, MR-VP broth, 
Muller Hlnton agar, Nitrate broth, Plate count agar, Sheep 
blood agar base, Simmon's citrate agar, Triple sugar iron 
agar, 
Campylobacter enrichment broth, DNAse agar Oxoid (India). 
MUG-Tryptone Soy agar, Tetrathionate broth, Sigma-Aldrich (India). 
Campy pak, EDTA-coagulase rabbit plasma, Trypticase soy Becton and Dickinson (India). 
broth, 
Chloroform, Isoamyl alcohol, Isopropanol, Phenol, Invitrogen, life technologies (India). 
Listeria Oxford (LO) agar Accumedia, Neogen (USA). 
Ethidium bromide Invitrogen, life technologies (India). 
MgCh Fermentas (Lithuania. USA). 
New born calf serum, RNase Sigma-Aldrich (India). 
NTPs, PCR buffer Genei (USA). 
Phosphate buffer saline (PBS) Fermentas (Lithuania, USA). 
Taq DNA polymerase Imperial, (India). 
enrichment. Supplement pre-warmed to 48-50°C, then ALOA selective supplement, 
rehydrated in with 5 ml of ethanol and water (1:1) solution and mixed well in basal 
medium. 
Baired Parker (BP) agar 
Basal medium: Casien enzymatic hydrolysate - 10.0 g; Beef extract - 5.0 g; Yeast 
extract - I.O g; Sodium pyruvate - 10.0 g ; Glycine -12.0 g; Lithium chloride - 5.0 g : 
Agar - 20.0 g; Distilled water - 950 ml; pH -7.0±0.2. 
In basal medium, 50 ml of egg yolk tellurite (3.5%) emulsion was added. 
Brain Heart Infusion (BHI) Broth: Calf brain infusion- 200.0 g; Beef heart infusion 
- 250.0 g ; Proteose peptone - 10.0 g; Sodium chloride- 5.0 g; Disodium phosphate -
2.5 g; Dextrose -2.0 g; Distilled water - 1000 ml; pH - 7.4+ 0.2. 
Buffered Listeria Enrichment Broth (BLEB) 
Basal medium: Casein enzymic hydrolysate- 17.0 g; Papaic digest of Soybean meal -
3.0 g; Dextrose- 2.5 g; Sodium Chloride - 5.0 g; Dipotassium Phosphate - 2.5 g: 
Disodium Phosphate- 9.6 g; Monopotassium Phosphate - 1.3 g; Yeast Extract - 6.0 g: 
Sodium Pyruvate -1.0 g. 
The above ingredients were dissolved in 1000 ml of Distilled water and 
sterilized by autoclaving at 121 °C for 15 min. Acriflavin and nalidixic supplements as 
0.5% (w/v) stock solutions were prepared in distilled water. Cycloheximide 
supplement as 1.0% (w/v) stock solution was prepared in 40% (v/v) solution of 
ethanol in water. All the three selective ingredients were filter-sterilized. Added stock 
solutions: 1.82 ml acriflavin, 7.2 ml sodium nalidixate, and 4.60 ml cycloheximide to 
1000 ml in sterilized enrichment broth. 
Phenol red carbohydrate broth: Trypticase - 10.0 g; sodium chloride - 5.0 g; 
Carbohydrate- 5.0 g; Phenol red - 0.018 g; Distilled water - 1000 ml; pH - 7.4±0.2. 
Campylobacter Enrichment Broth 
Basal medium: Meat peptone -lO.Og; lactalbumin hydrolysate - 5.0 g; Yeast extract -
5.0 g; Sodium chloride - 5.0 g; Piaemin - QM g; Sodium pyruvate - 0.5 g; alpha keto 
glutamic acid- 1.0 g; Sodium metabiosulphite - 0.5 g; Sodium carbonate - 0.6 g; 
Distilled water - 1000 ml; pH - 7.4±0.2, 
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Campylobacter growth supplement (FBP): Ferrous sulphate - 0.125 g; Sodium 
metabisulphite - 0.125 g; Sodium pyruvate - 0.125 g. 
Rehydrated the contents of in 2 ml distilled water. Mix well and add 
aseptically to 500 ml sterile, cooled to Campylobacter enrichment broth. 
Cell Culture Medium 
Glasgow- Minimum Essential Medium (G-MEM) (Gibco) powder - 12.5 g; 
Tryptose phosphate broth -3.0 g; penicillin - 5 lacs unit; Streptomycin "sodium salt" -
1.0 g; Tripled distilled water - 1000 ml. The final pH was adjusted to 7.3±0.2 using 
sodium bicarbonate solution (2.7%). In maintenance medium 2% NBCS was added. 
The medium was then sterilized by Seitz filtration, incubated overnight at liTC to 
check sterility and stored at 4°C until in use. 
Christensen's Urea agar 
Basal medium: Peptic digest of animal tissue - 1.0 g; Dexrose - 1.0 g; Sodium 
chloride - 5.0 g; Disodium phosphate- 1.2 g; Monpotassium phosphate - 0.8 g; Agar -
15.0 g; Phenol red - 0.012 g; Disfilled water- 950 ml; pH - 6.8±0.2. 
50 ml of Urea solution (40%) was mixed into sterilized basal medium. 
Deoxyribonuclase (DNAse) agar: Tryptose - 20.0 g; Deoxyribonucleic acid - 2.0 g; 
Sodium chloride -5.0 g; Agar - 12.0 g; Distilled water - 1000 ml; pH - 7.3±0.2 
Eosin Methylene Blue (EMB) agar: Peptic digest of animal tissue - 10.0 g; 
Dipotassium phosphate - 2.0 g; Lactose - 5.0 g; Sucrose - 5.0 g; Eosin-Y - 0.4 g; 
Methylene blue - 0,06 g; Agar -15.0 g; Distilled water - 1000 ml; pH - 7.1±0.2 
Glucose Phosphate Broth 
Basal medium: Peptone 5.0 g; Dipotassium hydrogen phosphate - 5.0 g; Disfilled 
water-950 ml; pH-7.6±0.2. 
50 ml of Glucose solution (10%) in disfilled water was sterilized by passing 
through 0.45 [im Millipore filter and aseptically added into the basal medium. 
Hektoen Enteric (HE) agar: Proteose peptone - 12.0 g; Lactose - 12.0 g; Yeast 
extract - 3.0 g; Sodium chloride - 5.0 g; Sucrose - 12.0 g; Salicin - 2.0 g; Bile salt -
9.0 g; Sodium thiosulphate- 5.0 g; Ferric ammonium citrate - 1.5 g; Acid fuschin - 0.1 
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g; Bromothymol blue - 0.065 g; Agar - 15.0 g; Distilled water - 1000 ml; pH -
7.5±0.2. The medium was heated to boiling to dissolve completely. 
Indole test medium: Bectopeptone (1%) solution (Difco) in distilled water was 
prepared and 5 ml was transferred into each tube for sterilization by autoclaving. 
Inorganic synthetic broth: Sodium chloride - 5.0 g; Magnesium sulfate - 0.2 g; 
Ammonoium dihydrogen phosphate - 1.0 g; Dipotassium hydrogen phosphate - 1.0 g; 
Distilled water - 1000 ml; pH - 7.2±0.2. 
Lactose (10%) solution: 10 g of lactose was suspended 100 ml of distilled water and 
sterilized by passing throughO.45 ^m Millipore fiher. 
Listeria Oxford (LO) agar 
Basal medium: Columbia blood agar base - 39.0 g; Esculin - 1.0 g; Ferric ammonium 
citrate - 0.5 g; Lithium chloride - 15.0 g; Agar-2.0g; pH at 25°C - 7.0±0.2 
Literia selective supplement: Cyclohexamide - 400.0 mg; Colistin sulphate - 20.0 mg; 
Acriflavin - 5.0 mg; Cefotetan - 2.0 mg; Fosfomycin - 10.0 mg. To prepare 
supplement, dissolved cycloheximide, colistin sulfate, acriflavin, cefotetan, and 
fosfomycin in 10 ml of 1:1 mixture of ethanol and distilled water. Filter-sterilized 
supplement before use. 
The basal medium was added into 990 ml distilled water and boiled to dissolve 
completely. The medium was sterilized by autoclaving at 121 °C for 15 min. Cooled 
the medium to 50°C and supplements were aseptically added. 
Lysine decarboxylase Broth: Peptic digest of animal tissue - 5.0 g; Yeast extract -
3.0 g; Dextrose-1.0 g; Bromocresol purple (1.6%) - 0.62 ml; L- lysine hydrochloride-
5.0 g; Distilled water - 1000 ml; pH - 6.8+0.2. 
MacConkey Broth: Peptone - 20.0 g; Lactose - 10.0 g; Bile salts - 5.0 g; Sodium 
chloride - 5.0 g; Neutral red- 0.075 g; Distilled water - 1000 ml; pH - 7.2+0.2. 
modified Campy Blood Free Agar (mCCDA) 
Basal medium: Peptone - 10.0 g; Beef extract - 10.0 g; NaCl - 5.0 g; Casein 
hydrolysate - 3.0 g; Bacteriological charcoal - 4.0 g; Sodium deoxycholate - 1.0 g; 
Ferrous sulphate - 0.25 g; Sodium pyruvate - 0.25 g; Yeast extract - 2.0 g. 
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Selective supplements: Cefoperazone: Dissolve 0.8g/100 ml distilled water; 
Rifampicin : Dissolve 0.25 g/100 ml alcohol; Amphotericin-B: Dissolve 0.05 g /lOO 
ml distilled water. 
Sterilized the basal media by autoclaving at 121 °C for 15 min. Cooled to 50°C 
and aseptically added supplements (6.5 ml cefoperazone, 4 ml rifampicin and 4 ml 
amphotericin) to 1000 ml sterilized agar base. 
Motility test medium (Motility agar): Peptic digest of animal tissue - 10.0 g; Beef 
extract - 3.0 g; Sodium chloride - 5.0 g; Agar - 4.0 g; Distilled water -1000 ml; pH-
7.4+0.2. 
MUG-Tryptone Soy agar: Casein enzymic hydrolysate - 15 g; peptic digest of 
soybean meal - 5.0; Sodium chloride - 5.0 g; 4- methylumbeliferyl-D-glucoronide -
0.1 g; Agar - 15 g; Distilled water- 1000 ml; pH - 7.3±0.2. 
Muller- Hinton agar: Beef infusion - 300.0 g; Casein acid hydrolysate - 17.5 g; 
Starch - 1.5 g; Agar - 17.0 g; Distilled water- 1000 ml; pH - 7.3±0.2. 
Nitrate Broth: Peptic digest of animal tissue - 5.0 g; Meat extract - 3.0 g; Potassium 
nitrate - 1.0 g; Sodium chloride - 30.0 g; Distilled water- 1000 ml; pH - 7.0±0.2. 
Plate count agar: Casein enymic hydrolysate - 5.0 g; Yeast extract - 2.5 g; Dextrose 
- 1.0 g; Agar - 15.0 g; Distilled water - 1000 ml; pH - 7.3±0.2. 
Sheep Blood Agar 
Basal medium: Sheep blood agar base - 42.5 g; Distilled water - 1000 ml; pH -
7.2+0.2. 
The basal medium was autoclaved at 12rC and 151bs pressure for 15 minutes. 
The basal medium was cooled to 45 °C and aseptically added 70 ml of defibrinated 
sheep blood. 
Simmon's citrate agar: Magnesium sulfate - 0.2 g; Monoammonium phosphate - 1.0 
g; Dipotassium phosphate - 1.0 g; Sodium citrate - 2.0 g; Bromothymol blue - 0.08 g; 
Sodium chloride - 5.0 g; Agar - 15.0 g; Distilled water - 1000 ml; pH - 6.8+0.2. 
Tryptone Bile X-GIucuronide (TBX) agar: Tryptone - 20.0 g; Bile salts No.3 - 1.5 
g; Agar - 15.0 g; X- glucuronide - 0.075 g; Distilled water - 1000 ml; pH - 7.2+0.2. 
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Tetrathioeate Broth 
Basal medium: Mixed Peptone - 5.0 g; Bile salts - 1.0 g; Calcium carbonate - 10.0 g; 
Sodium thiosulphate - 30.0 g; Distilled water - 1000 ml; pH - 7.8±0.2.The basal 
medium was sterilized by gentle heating to the boiling. 
Iodine-Potassium Iodide (I2-KI) solution: Potassium Iodide - 5.0 g; Iodine - 6.0 g. 
5.0 g potassium iodide and 6.0 g iodine were dissolved in 20 ml sterile distilled water. 
Brilliant green (0.1%) solution: Brilliant green - 0.1 g; Distilled water -100 ml. 
20 ml Iodine-Potassium iodide solution and 10 ml brilliant green solution 
were added to 1000 ml basal medium aseptically. 
Triple Sugar Iron (TSI) agar: Peptic digest of animal tissue - 20.0 g; Yeast extract -
3.0 g; Beef extract - 3.0 g; Lactose - 10.0 g; Sucrose - 10.0 g; Dextrose - 1.0 g; Ferric 
ammonium citrate - 0.3 g; Sodium chloride - 5.0 g; Sodium thiosulphate - 0.3 g; 
Phenol red - 0.02 g; Agar -12.0 g; Distilled water - 1000 ml; pH - 7.4±0.2. 
Trypticase Soy Broth (TSB): Pancreatic digest of casein - 17.0 g; Papaic digest of 
soyabean meal - 3.0 g; Sodium chloride - 5.0 g; Dipotassium phosphate - 2.5 g; 
Dextrose ~ 2.5 g; Distilled water -1000 ml; pH - 7.3±0.2. 
Violet Red Bile (VRB) agar: Peptone - 7.0 g; Yeast extract - 3,0 g; Bile salts - 1.5 
g; Lactose - 10.0 g; Sodium chloride - 5.0 g; Neutral red - 0.03 g; Crystal violet -
0.002 g; Agar - 12.0 g; pH - 7.4±0.2. The medium was boiled to dissolve completely. 
3.1.1.2.2 Reagents 
Alpha (a) naphthol (5%) solution: Alpha naphthol-5.0 g; Absolute ethanol - 100 ml. 
Buffered Peptone Water: Proteose peptone - 10.0 g; sodium chloride - 5.0 g; 
Disodium phosphate - 3.5 g; Mono-potassium phosphate - 1.5 g; Distilled water -
1000ml;pH-7.3±0.2. 
Gram's staining reagents: 
Crystal violet 
Solution A: Crystal violet - 2.5 g; Ethanol (95%) - 25 ml. 
Solution B: Ammonium oxalate - 1.0 g; Distilled water - 100 ml. 
Mixed solution A and B, filter and stored at room temperature. 
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Gram's iodine: Iodine - 0.3 g; Potassium iodide - 0.6 g; Distilled water - 100 ml. 
Decolorizer (95%): Ethyl alcohol (100%) - 95 ml; Distilled water - 5 ml. 
Safranin: Stock solution; Safranin - 2.5 g; Ethanol (95%) - 100 ml. 
Working solution; Dilute stock solution 1:4 with water. 
Hank's Balanced Salt Solution (HBSS): Sodium chloride - 8.0 g; Potassium 
chloride - 0.4 g; KH2PO4 - 0.06 g; Glucose - 1.0 g; Phenol Red, Na salt - 0.01 g; 
Na2HP04 anhydrous - 0.04 g; Magnesium sulphate anhydrous - 0.09 g; Calcium 
chloride anhydrous - 0.1 g; Sodium bicarbonate - 0.3 g; Distilled water -1000 ml. 
Kovac's reagent: 5 g of p-Dimethyl aminobenzaldehyde was dissolved in 75 ml amyl 
alcohol and then 25 ml hydrochloric acid was mixed. 
0.5 McFarland's standard: 995 ml of sulfuric acid (\%) was added to 5 ml of 
barium chloride (\%). Mixed both compounds completely to prepare 0.5 McFarland's 
standard. The 0.5 McFarland's standard was corresponding to 1x10** CFU/ml. 
Methyl red indicator solution: Methyl red - 0.1 g; Ethanol - 300 ml; Distilled water 
- 200 ml. 
Ninhydrin solution: 1.5 g ninhydrin was dissolved in 50 ml mixture of acetone and 
ethanol (1:1). 10 ml was transferred in screw capped test tubes, wrapped in aluminum 
foil and stored at 4°C till use (within 2 weeks). 
Normal Saline Solution (NSS): Sodium chloride - 8.5 g; Distilled water - 1000 ml. 
Nitrate reduction test reagents 
Solution A: 0.5 g of alpha (a) naphthylamine was dissolved in 100 ml of 5N acetic 
acid. 
Solution B: 0.8g of sulphanillic acid was dissolved in 100 ml of 5N acetic acid. 
Zinc dust: \0% zinc dust suspended in 1% methyl cellulose solution. 
Orthonitrophenyl-P-D-galactoside(ONPG) 
0.1 M Sodium phosphate buffer (pH 7.0) - 50 ml; ONPG (8 xlO"^  M) - 12.5 g. 
Oxidase test reagent: 0.05 g of N, N, N, N', tetramethyl-p-phenylene diamine 
dihydrochloride was dissolved in 10 ml of sterile distilled water. The solution was 
stored at 4°C in a screw capped brown bottle and used within one month. 
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Phosphate Buffer Saline (PBS): Sodium chloride - 8.0 g; Potassium chloride - 0.2 g; 
Disodium hydrogen phosphate - 1.1 g; Potassium dihydrogen phosphate - 0.2 g; 
Distilled v/ater - 1000 ml; pH - 7.3±0.2 
Sodium hippurate Solution: 1.35 g of sodium hippurate was dissolved in 50 ml 
distilled water, filter sterilized through a sterile membrane (0.22|am). dispensed in 0.5 
ml in a screw capped tube (Borosil, India) and stored at -20°C till use. 
3.1.2 Collection of food samples 
A total of 650 samples from various sources were collected accordingly to 
Bacteriological Analytical Manual Online of USFDA method described by Andrews 
and Hammack (1998) as per the details given in table M3. The various locations of 
sample collection are shown in fig. Al (Annexure). 
3.1.2.1 Meat samples 
Eight butcheries shops from three locations in the Bareilly city, Uttar Pradesh, 
India with conclusively daily consumption approximately of 1200-1500 kg raw meat 
of various animal sources were included in the study. The sample collection sites are 
shown in fig. A2 (Annexure), and daily consumption at various shops has shown in 
table Al (Annexure). The sampling was done in winter (early December 2006), 
summer (end of May) and fall (early October), seasons. The 100 g raw meat sample 
from three types of meat sources viz. chicken, bovine and fish were collected in sterile 
screw-cap jar containing 100 ml buffered peptone water (0.1%) using asepfic 
conditions. 
3.1.2.2 Milk or milk products samples 
Raw milk (100 ml) and cheese or curd (100 g) samples were collected in sterile 
screw-cap jar using aseptic conditions. The samples were collected from two dairy 
farms and three dairy/confectionary shops locally (Fig. A2). The overall daily 
consumption was 250-350 Itr for raw milk and 250 kg for curd and cheese 
respectively at theses sites (Table Al of annexure). 
All the samples were collected in sterile conditions and transported to 
laboratory within 5 h for further processing for the isolation of different bacterial 
pathogens. 
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Table M3: Samples collected in this study. 
Source No. of 
samples 
Locations Time of collection 
Month/Year) 
Milk and milk products 
(i) Raw milk 
(ii) Cheese 
(iii)Curd 
Raw Meat 
(i) Raw chicken 
(ii) Beef 
(iii) Fish meat 
Milk and milk products 
(i) Raw milk 
(ii) Cheese 
(iii) Curd 
Raw Meat 
(i) Raw chicken 
(ii) Beef 
(iii) Fish meat 
Milk and milk products 
(i) Raw milk 
(ii) Cheese 
(iii) Curd 
Raw Meat 
(i) Raw chicken 
(ii) Fish meat 
Total 
50 
20 
20 
50 
20 
50 
50 
20 
20 
Local dairy farm, Partapur, Bareilly, India. Dec 2006 
Prince sweets &confectionary, Partapur, Bareilly, India. Dec 2006 
Prince sweets &confectionary, Partapur, Bareilly, India. Dec 2006 
Hanif chicken shop. Peer Bahora, Bareilly, India. 
Sameer meat shop, Peer Bahora, Bareilly, India. 
Open air fish stall. Peer Bahora, Bareilly. 
Krishna milk bar, D.D.Puram, Bareilly, India. 
Krishna milk bar, D.D.Puram, Bareilly, India. 
Krishna milk bar, D.D.Puram, Bareilly, India. 
50 Chicken shop, Badi Bihar market, Bareilly, India. 
30 Meat shop, Badi Bihar, Bareilly, India. 
50 Open air fish stall, Badi Bihar, Bareilly, India. 
50 Indian Veterinary Research Institute (IVRI), Izatnagar, 
Bareilly, India. 
10 Kamal dairy & confectionary, Rajender nagar, Bareilly, 
India. 
10 Kamal dairy &confectionary, Rajender nagar, Bareilly, 
India. 
50 Rehmania meat shop, Dela Peer, Bareilly, India. 
100 Open air fish stall, Dela Peer, Bareilly, India. 
Dec 2006 
Dec 2006 
Dec 2006 
May 2007 
May 2007 
May 2007 
May 2007 
May 2007 
May 2007 
Oct 2007 
Oct 2007 
Oct 2007 
Oct 2007 
Oct 2007 
3.1.3 Sample preparation and detection of bacteria by cultural methods 
3.1.3.1 Campylobacter jejuni 
The Bacteriological Analytical Manual Online of USFDA method described 
by Hunt et al., (1998) was adopted for the isolation of Campylobacter Jejuni from raw 
meat and raw milk as shown in fig.Ml. The brief description of method is given 
below; 
(1). Meat samples - 25 g of sample was taken and homogenized in 200 ml of 
Buffered Peptone Water (0.1%) and centrifuged at 16,000 x g for 15 min. The 
supernatant was discarded and resuspended pellet in 10 ml of 0T% Peptone Water. 3 
ml pellet was transferred to 100 ml Campylobacter enrichment broth, incubated at 
30°C for 3 h and then at 37°C for 2 h under microaerophillic conditions (5% O2, 10% 
CO2 and 85%) N2) using Campy Pak (BD) gas generating packs for pre enrichment. 
Incubation was continued for final enrichment at 42°C for 30 h under microaerophillic 
conditions. 
(2). Milk samples - The pH of sample was adjusted to 7.5 ± 0.2. About 25 ml 
of sample was centrifuged at 20,000 x g for 40 min. Dissolved the pellet first in 10 ml 
and then 90 ml of Campylobacter enrichment broth and incubated at 37°C for 4 h 
under microaerophillic condifions {5% O2, 10%o CO2 and 85% N2) for pre-enrichment 
and then incubated for final enrichment at 42°C for 48 h under microaerophillic 
conditions. 
After 30 h of enrichment in Campylobacter enrichment broth, inoculum was 
streaked onto modified Campy blood free agar (mCCDA) and incubated at 42°C for 
48 h under microaerophillic conditions as described above. Plates were checked after 
48 h and observed for growth of typical colonies. 
3.L3.2 Listeria monocytogenes 
Isolation of L. monocytogenes from different samples was excuted as per 
Bacteriological Analytical Manual Online of USFDA method described by Hitchins, 
(1998) with slight modificafions as shown in fig.M2. Briefly, 25 g of raw meat or 
milk products or 25 ml of raw milk sample was homogenized in 225 ml of Buffered 
Listeria enrichment broth (BLEB) and incubated at 30°C for 4 h. Now selective 
supplements were added.The selective enrichment for isolation was continued at 30'^ C 
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Meat sample (25 g) 
i 
Homogenized in Buffered Peptone Water 
(0.1%) by centrifugatiion at 16,000 x g 
for 15 min. 
f 
i 
Pre-enrichment of pellet in Campylobacter 
Enrichment Broth, incubated at30"C for 3 h 
and then at 37°C for 3 h and then at 3TC for 2 
h under microaerophiliic conditions 
n 
Milk sample (25 ml) 
Adjusted pH at 7.5 ±0.2 
and centrifuged at 
20,000 X g for 40 min. 
T 
Dissolved pellet in 10 ml 
Campylobacter Enrichment Broth and 
then in 90 ml Campylobacter 
Enrichment Broth and incubated at 
37"C for 4h under microaerophiliic 
conditions for pre-enricbment 
• 
i 
Final enrichment im Campylobacter 
Enrichment Broth at 42°C for 30 h under 
microaerophiliic conditions 
Final enrichment in Campylobacter 
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Fig. Ml: Flow diagram for isolation of Campylobacter jejuni by conventional method. 
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i 
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carbohydrate utilization, catalase, beta 
haemolysis, CAMP, motility at 25"C & 
il'C and NO3 assay 
Fig. M2: Flow diagram for isolation oi Listeria monocytogenes by conventional method. 
for 48 h. After enrichment in Buffered listeria enrichment broth (BLEB), inoculum 
was streaked onto Listeria Oxford (LO) agar and incubated at 37"C for 48 h. Plates 
were checked after 48 h and observed for growth of typical colonies. 
3.1.3.3 Salmonella spp. 
Salmonella spp. were isolated according to Bacteriological Analytical Manual 
Online method of USFDA described by Andrews and Hammack, (1998) with slight 
modifications as shown in fig. M3. In brief, raw meat or milk products (25 g) or raw-
milk (25 ml) sample was homogenized in 225 ml of Lactose broth and incubated at 
room temperature for 1 h (Pre-enrichment). The pH was adjusted to 6.8 ± 0.2 and 
incubated mixture at 35°C for 24 h. one ml mixture was transferred to the 10 ml 
Tetrathionate (TT) broth and incubated at 35°C for 48 h. After 48 h of enrichment in 
Tetrathionate broth, inoculum was streaked onto Hektoen enteric (HE) agar and 
incubated at 35°C for 48 h. Plates were checked for growth of typical colonies after 
48h. 
3.1.3.4 Staphylococcus aureus 
Staphylococcus aureus from different samples was isolated as per 
Bacteriological Analytical Manual Online method of USFDA described by Bennett 
and Lancette (1998) with slight modifications as shown in fig.M4. Briefly, raw meat 
(25 g) or raw milk (25 ml) sample was homogenized in 225 ml of Trypticase soy 
broth (TSB) containing 10% sodium chloride and 1% sodium pyruvate and incubated 
at 35°C for 48 h. After enrichment, inoculum was streaked onto Baired Parker (BP) 
agar and incubated at 35°C for 48 h. Plates were checked after 48 h and observed for 
growth of typical colonies. 
3.1.3.5 £". coli 
The Bacteriological Analytical Manual Online method of USFDA described 
by Feng et al , (1998) was adopted for the isolation of pathogenic E. coli from raw 
meat and raw milk samples with slight required modifications as shown in fig. M5. 
Briefly, raw meat (25 g) or raw milk (25 ml) sample was homogenized for 2 min in 
225 ml of Brain Heart Infusion (BHI) broth and incubated at room temperature for 10 
min. The medium was poured out carefully and incubated at 37°C for 3 h and then 
transferred in 225 ml of Tryptone phosphate broth (of double strength) aseptically. 
The sample was further incubated at 44°C for 18-20 h. After enrichment in BHI and 
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24 h 
i 
Biochemical confirmation based on 
carbohydrate utilization, urease, 
citrate, H2S production on TSI, lysine 
decarboxylase, and IMVIC assay 
Fig. M3: Flow diagram for isolation oiSalmonella spp. by conventional method. 
Meat or Milk sample (25 g or 25 ml) 
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1 
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24 h 
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and DNase assay 
Fig. M4: Flow diagram for isolation of 5". aureus by conventional method. 
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Fig. M5: Flow diagram for isolation of pathogenic E. coli by conventional method. 
MacConkey broth, inoculum was streaked onto Eosin methylene blue (EMB) agar and 
incubated at 37°C for 48 h. Plates were observed for growth of typical colonies. 
For isolation of E. coli serotype 0157:H7, the sample was streaked on MUG-
Tryptone Soy agar. 
3.1.4 Morphological and biochemical characterization of isolated bacteria 
The typical (suspect) bacterial colonies appeared on various selective media 
were selected and purified by repeated streaking and each selected colony was given 
an isolate number tentatively. The detail of isolates is given in table A2 (Annexure). 
The isolated pure cultures were subjected to further characterization by Gram's 
staining and biochemical assay, 
3.1.5 Biochemical assays 
The biochemical assays were selected from Bacteriological Analytical Manual 
Online of USFDA (USFDA, 1998). The results were followed as per Bergey's 
Manual of Systematic Bacteriology (Bergey, 1994) and depicted in table M4. These 
selected biochemical assay were performed as per Cruickshank et al., (1975) and 
some adopted from other standard methods (sources of these methods are given in 
their respective assay). 
3.1.5.1 Carbohydrate fermentation (Acid/gas production) 
The method described by Cappuccino and Sherman (1992) was adopted for 
performing carbohydrate fermentation assay from various sugars with slight 
modification. Briefly, 3 ml of carbohydrate fermentation broth was inoculated with 
loopful bacterial culture from 24h old culture harvested into Trypticase soy broth 
separately and incubated aerobically at 37°C for 18 h. For anaerobic utilization of 
carbohydrates the tubes were incubated under microaerophillic conditions (5% O2. 
10% CO2 and 85 % N2) using Campy Pak (BD) gas generating packs. The positive 
reaction was indicated by turning phenol red indicator to yellow or orange colour as a 
result of acid production. 
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Table M4: Biochemical characteristics* of bacteria included in this study. 
S. No. Bacteria Biochemical Characteristics 
Glucose fermentation (-), Catalase (+), Growth at 25°C (-), 37°C (+) 
and 42°C (+), Hippurate (+), Oxidase (-), H2S* production (-), NO3 
reduction (+), Resistance to Nalidixic acid (-) and Cephalothin (+)** 
C. jejuni 
2. L. monocytogenes Rhamnose fermentation (+), Mannitol fermentation (-), Catalase (+), 
CAMP (+),/^-haemolysis i+\ Motility at 25''C {+) and 37°C (-), NO3 
reduction (-) 
Salmonella 
S. aureus 
Lactose fermentation^ (-)*, Sucrose fermentation '^ (-), Citrate 
utilization (+), H2S*production (+), Lysine decarboxylase {+), Urease 
(-), Indole production (-), Methyl red (+),Voges Proskauer (-) 
Glucose utilization (+), Mannitol utilization' {+) , Catalase (+), 
Coagulase (+), Growth in 10% NaCl (+). DNAse (+), Oxidase (-) 
5. E. coU Lactose fermentation (+), Arabinose fermentation (+), Sorbitol 
fermentation (+)***, Indole production (+), Methyl red (+), Voges 
Proskauer (-), Motility (+), Oxidase (-), Citrate (-), H2S* production 
(+), ONPG (+), Urease (-) 
'AS per Sergey's Manual of Systematic Bacteriology (Bergey,1994). 
*H2S production on TSI, **C jejuni subsp. doylei reported negative towards the resistance against Ceplialothin. *** 
negative for E.coli 0157:H7. 
** P haemolysis with some strains negative, 
^ As per USFDA/BAM/CFSAN method described by Andrews and Hammack (1998). 
* Majority oiSalmonella subsp. diarizonae are positive. 
^ Some strains are negative. 
* Anaerobic utilization. 
" As per USFDA/BAM/CFSAN method described by Bennett and Lancette (1998), 
3.1.5.2 Catalase production 
After exposure of the bacterial culture to air for 10-15 min, the bacterial colony 
was suspended in 1-2 drops of 3% hydrogen peroxide (H2O2) on a sterile clean glass 
slide and examined immediately for bubble formation due to the release of oxygen 
either macroscopically or with a low power microscope. A positive reaction was 
indicated by the appearance of glass bubbles. 
3.1.5.3 Oxidase production 
Oxidase assay was carried out by using the filter paper strip soaked in freshl) 
prepared 1% oxidase reagent (tetra methyl p-phenylene diamine). The reagent 
impregnated paper was placed on a clean glass slide. A single colony of bacterial 
culture was smeared on it with the help of a platinum wire loop. Appearance of a 
deep purple colour due to ability of bacteria produce oxidase which in presence of 
oxygen oxidizes the tetra methyl p-phenylene diamine within 30 sec was considered 
as positive for oxidase production whereas no purple colour considered as negative 
assay. 
3.1.5.4 Indole production 
The tube of Tryptophan broth was inoculated with a loopful bacterial culture 
{E. coli or Salmonella spp.) and incubated (with loosened caps) at 37°C for 48 h. 
Now, 0.5 ml of Kovac's reagent was added, mixed gently, then tubes were allowed to 
stand for about 10 minutes. The positive assay was considered when a dark red colour 
developed below the solvent layer as a result of complex formation from p-dimethyl 
aminobenzaldehyde (present in Kovac's reagent) and indole. 
3.1.5.5 Methyl red assay 
0.5 ml of sterile Glucose phosphate broth was inoculated with a loopful 
bacterial culture {E. coli or Salmonella spp.) and incubated overnight at 35-37°C for 
48 h. Alter incubation, a drop of methyl red solution was added and observed for red 
colour development as a resuh of organic acid formation from breakdown of glucose. 
Positive reaction was indicated by development of bright red colour whereas yellow 
or orange colour development was considered as negative. 
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3.1.5.6 Voges-Proskauer (VP) 
A tube of MR-VP broth was inoculated with bacterial culture (£. coli or 
Salmonella spp.) and incubated at 37°C for 24 h. After incubation, 0.6 ml alpha (a)-
naphthol was added to the tube, and shaken nicely followed addition of 0.2 ml 40% 
KOH solution and shaken nicely. Results were read after 5 minutes and 30 min. The 
pink colour development as a result of complex formation due to alpha (a)-naphthol 
and peptone reaction was considered as positive assay. 
3.1.5.7 Citrate utilization 
A loopful suspension of bacterial culture {E. coli or Salmonella spp.) was 
inoculated on Simmons's citrate agar slant without stabbing the butt and incubated at 
37°C for 24 h. The positive reaction was characterized by the agar turning a vivid blue 
colour due to alkalinity formed due to sodium carbonate. In negative reaction citrate 
slant showed the original green colour. 
3.1.5.8 Lysine decarboxylase assay 
A loopful culture of Salmonella was inoculated into tube of lysine 
decarboxylase broth medium. The inoculated tube was overlayed with sterile mineral 
oil (4-5 mm deep layer and incubated at 35°C and observed for 4 days. The medium 
first developed yellow colour due to production of acid later medium became violet in 
a positive assay while the colour was yellow in negative assay. 
3.1.5.9 Nitrate reduction 
Sterile Nitrate broth (5 ml) was inoculated with loopful of bacterial culture (C. 
jejuni or L monocytogenes) and incubated at 37°C. After 4 days of incubation 0.1 ml 
of assay reagent was added. Red colour development within one minute was 
considered as a positive reaction, and if there was no red colour development within 5 
min, zinc powder was added and observed. Those which didn't develop red colour 
after additions of zinc powder were taken as positive while those developed red 
colour were taken as negative to nitrate reduction assay. 
3.1.5.10 Urease production 
The Christensen's urea agar slant was streaked with a heavy inoculum of bacterial 
culture {E. coli or Salmonella spp.) without stabbing the butt and incubated at 37"C 
for 24-72 h. The positive reaction was indicated by change of colour from yellow to 
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pink red due to ammonia formation (creates alkalinity) from urea, while no colour 
change was considered as negative. 
3.1.5.11 H2S production on Triple sugar Iron (TSI) agar medium 
The freshly prepared TSI slant and butt were inoculated with fresh bacterial 
culture (C jejuni or E. coli or Salmonella spp.) from agar plate. The TSI slants 
inoculated with E. coli or Salmonella spp. were incubated at 37°C for 48 h whereas 
those slants inoculated with C. jejuni culture were incubated at 42°C for 5 days under 
microaerophillic conditions. In a positive reaction, blackening at the slant-butt 
junction was appeared and indicated H2S production while in negative reaction no 
blackening observed. 
3.1.5.12 Growth at IS'C, 2>TC and 42''C 
The culture of C jejuni was streaked in duplicate onto modified Campy Blood 
Free Agar (mCCDA) plates and incubated at 25°C, 37°C and 42°C under 
microaerophillic conditions (5 % O2, 10 % CO2 and 85 % N2) using Campy Pak (BD) 
gas generating packs. The plates were observed for typical growth upto 3 days. More 
growth than the initial inoculum was considered as positive assay. 
3.1.5.13 Hippurate hydrolysis 
The hippurate hydrolysis by C. jejuni isolates was confirmed as per described 
by Isenberg (2004) with slight modifications. A loopful bacterial culture was 
inoculated into 1 ml of 1% sodium hippurate solution. The inoculated tubes were 
incubated at 37°C for 2 h in water bath. Then 0.5 ml of ninhydrin solution was added 
and re-incubated at 37°C for 10 min in water bath. A positive reaction was indicated 
by appearance of deep blue colour as a result of ninhydrin and glycine reaction. 
3.1.5.14 Resistance to cephalothin (30 jig) and nalidixic acid (30 ng) 
Resistance of Campylobacter isolates to cephalothin and nalidixic acid was 
examined by Bauer et al. (1966). Antibiotic disc were procured from Hi-Media 
(India). The 0.1 ml of bacterial suspension (1x10^ cfu/ ml) was prepared in BHI broth 
and spread onto modified campy blood free agar (mCCDA) plates. Plates were 
allowed to dry for 10 min. After drying the plates, antibiotic disc were placed on agar 
plates by using sterile forcep. The plates were incubated overnight at 37°C under 
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microaerophillic conditions (5% O2, 10% CO2 and 85 % N2) using Campy Pak (BD) 
gas generating packs, 
3.1.5.15 Haemolysis on Sheep blood agar 
All the Listeria isolates were examined for the type and degree of haemolysis 
on Sheep blood (SB) agar as per the method of Cruickshank et al., (1975) with some 
required modifications. The isolates were streaked onto SB agar plates and incubated 
at SS^C for 24 h. The appearance of characteristic clear zone of haemolysis indicated 
positive /?-haemolysis and represented L. monocytogenes whereas as no zone or no 
clear zone of haemolysis considered as negative assay. 
3.1.5.16 Christie-Atkins-Munch-Petersen (CAMP) assay 
All the Listeria isolates were examined for CAMP assay as per the method of 
Bureau of Indian Standards (BIS) (1994) with some required modifications. Briefly, 
standard strains of Staphylococcus aureus and Rhodococcus equi were grown 
overnight on Sheep blood (SB) agar at 37°C. The cultures were again streaked on to 
freshly prepared SB agar plates having 7% sheep blood in a manner that these were 
wide apart and parallel to each other. Subsequently, the Listeria isolates were streaked 
onto these plates at right angle and 3 mm apart from S. aureus and R. equi strains 
before incubating them at 35°C for 24 h. The plates were examined for enhancement 
of haemolytic zone, if any, between a Listeria strain and the S. aureus or R. equi strain 
owing to the synergistic effect of their haemolysins in case of a CAMP- positive 
reaction. 
3.1.5.17 Motility 
The bacterial culture {E. coli or L. monocytogenes) was inoculated by stabbing 
into the top of the column of motility assay agar upto a depth of about 5 mm and 
incubated at 25°C and 37°C for 24-48 h. A positive assay (I. monocytogenes and E. 
coli at 25°C) was observed as growth of isolates was extended as a zone of turbidity 
from the stab line whereas negative assay was observed as growth of isolates 
restricted or diffused to the stab line in semisolid medium. 
3.1.5.18 Coagulase production 
The bacterial culture of 5. aureus was suspended in 1-2 drops of 0.85 % NaCl 
solution on a sterile clean glass slide using a sterile glass rod. Then undiluted EDTA 
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anti-coagulated rabbit plasma at room temperature was stirred with the help of 
inoculating loop to adhere traces of plasma into bacterial suspension drop. Clumping 
with in 20 sec was considered as positive result. 
3.1.5.19 Deoxyribonuclase (DNase) production 
The bacterial culture of 5. aureus was inoculated onto a plate of DNase agar by 
streaking the medium in a band (about 1 inch length streak). Incubation of plates was 
done at 35°C for 18 h. Following incubation, plate was flooded with IN HCl. A zone 
of clearing around a colony (absence of turbidity) indicates a positive assay. No 
clearing or a uniform opaque agar indicates a negative reaction. 
3.1.5.20 Growth in 10% NaCl 
The bacterial culture of S. aureus was inoculated into Trypticase soy broth 
(TSB) (containing 10% NaCl and 1% sodium pyruvate) and incubated at 35°C for 18 
h. Transfer a loopful from TSB broth on a plate of Baired-Parker agar by streaking the 
medium. Incubation of plates was done at 35°C for 48 h. No growth in agar plates was 
considered as negative whereas agar plates with growth indicate a positive reaction. 
3.1.5.21 Orthonitrophenyl-p-D-galactoside (ONPG) assay 
The test culture ofE. coli was inoculated into 5 ml of inorganic synthetic broth 
and incubated at 37°C for 12h. Now, 0.5 ml of lactose solution was transferred into 
inorganic synthetic broth. Further, broth containing lactose was incubated at 37°C for 
2h. Add 5 drops of ONPG solution and incubated at 37°C for Ih.The positive reaction 
was indicated by development of yellow colour. 
3.1.5.22 Vero cell cytotoxicity assay 
The Verotoxic E. coli were characterized and distinguished by cell cytotoxicity 
assay on Vero cell lines. The Vero cell cytotoxicity assay was performed as per 
standard method described by Hazarika et al., (2007) with slight modifications. 
African Green Monkey Kidney Cell (Vero) lines were provided by Department 
of Biochemistry, Indian Veterinary Research Institute, Izatnagar (U.P.). The cell 
culture medium supplemented with NBCS was used for propagation and maintenance 
of the cell lines. The cell lines were maintained by regular sub-culturing. 
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The reference/standard VTEC and non VTEC bacterial strains used in this 
assay depicted in table MI. The media, chemicals, buffers and reagents used in this 
study have been depicted in section 3.1.1.2. All biochemically identified E. coli 
isolates (79) were used for this assay as depicted in table A3 (annexure). 
3.1.5.22.1 Preparation oiE. coli cell free culture supernatant (CFCS) 
Each Verotoxic E. coli isolate was inoculated in 5 ml Trypticase soy broth 
(TSB) and incubated at 37'^ C for 24 h. The 2 ml of broth culture was re-inoculated 
into 20 ml TSB and incubated at 37'^ C for 24 h in low speed shaking water bath. The 
bacterial cells were pelleted by centrifugation (10,000 x g) at 4*'c for 30 min. The 
resultant supernatant was filtered through 0.22|Lim pore size membrane filter 
(Nalgene, India). The sterility of CFCS was checked by streaking on to Trypticase soy 
agar (TSA) and incubated at 37°C for 24 h. The sterile CFCS were then stored at -
20 C. Similarly CFCS from Verotoxic E. coli (standard) was also used as positive 
control. 
3.1.5.22.2 Inoculation of Vero cell lines with CFCS 
The toxin assay was examined in 6-well microtitre tissue culture plates 
(Tarsons, India). Vero cell culture in each well was seeded and allowed to grow as 
confluent monolayers for 24-48 h. At the same time media was discarded, monolayers 
were washed twice with Hank's balanced salt solution (HESS). 20 fil of CFCS was 
inoculated into each well in duplicate. 400 |nl of the medium supplemented with New-
born calf serum (NBCS) was then added into each well. The microtitre plates were 
then incubated at 37°C in 5% CO2 atmosphere and examined daily under inverted 
microscope for upto 3 days for characteristics morphological effects. 
Cell free culture supernatant from standard non-VTEC and VTEC were used 
as negative and positive control whereas one well was also inoculated with TSB (20 
)al) control. 
3.1.6 Serotyping of E. coli isolates 
Those cultures found positive during biochemical characterization for E. coli 
identification (as given in table A3 of annexure) were send to the Central Research 
Institute (C.R.I, Kasauli, H.P.) India, for the confirmation of serotypes. 
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3.1.7 Enumeration of micro-organisms in food samples 
The various food samples positive for bacterial pathogens understudy (Table 
A2 of annexure) were subjected to enumerate viable bacterial count in term of aerobic 
heterotrophic bacteria, coliform and specific bacteria. Enumeration of above group of 
bacteria was performed by using the standard procedures of International 
Organisation of Standardization (ISO) as described by BioRad (2011). The methods 
are given below; 
3.1.7.1 Preparation of Raw meat/milk samples: Raw meat, raw milk and milk 
products samples were prepared by serial dilution method of NF-EN/ISO 6887-
1:1999. Briefly, meat/ milk product (10 g) or milk sample (10 ml) was homogenized 
in 90 ml sterile 0.1 % buffered peptone water. The resulting homogenate was serially 
diluted from 10'' to 10'^  dilution in 0.1 % buffered peptone water. 
3.1.7.2 Total aerobic plate count (TAPC): The aerobic count was performed as per 
NF-EN/ISO 4833:2003 method. Aliquots of 0.1 ml from dilutions were plated in 
triplicates onto Plate count agar (PCA). Plates were incubated at 30°C for 72 h. 
3.1.7.3 Total coliform count (TCC): Enumeration of the coliform bacteria was 
performed as per EN/ISO 4832:2006 method. The Violet Red Bile (VRB) agar was 
used for the total coliform counts. The 0.1 ml from 10'' to 10' serially diluted samples 
were plated in triplicates onto VRB agar and incubated at 37 °C for 24 h. 
3.1.7.4 Campylobacter count: The enumeration of Campylobacter was performed as 
per ISO/TS 10272-2:2006 method. The aliquots of 0.1 ml from serial dilution of 
samples were plated in triplicates onto mCCDA. Plates were incubated at 42°C for 
48 h. 
3.1.7.5 L. monocytogenes count: L. monocytogenes load among various food samples 
was enumerated as per ISO 11290-2A1:2005 method. Briefly, 10 g of meal or milk 
products and 10 ml milk sample was homogenized in 90 ml sterile 0.1 % buffered 
peptone water and incubated at 20°C for Ih. The resulting homogenate was serially 
diluted from 10'' to 10'^  dilution in 0.1 % buffered peptone water and 0.1 ml plated in 
triplicates onto ALOA agar. The agar plates were incubated at 37°C for 24 h. 
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3.1.7.6 S. aureus count: The NF EN ISO 6888-1/A 1:2004 method was used to 
enumeration the bacteria. The 0.1 ml volume from serially diluted sample was plated 
in triplicates onto BP agar. Plates were incubated at 37°C for 24 h. 
3.1.7.7 E. coli count: E. coli enumeration was performed as per ISO 16649-2:2001. 
The aliquots of 0.1 ml adjusted from each dilution (10"' to 10'^ ) were plated in 
triplicates onto TBX agar. Plates were incubated at 44°C for 24 h. 
The viable count of above pathogens was deteiTnined by counting colonies 
using colony counter. The count was obtained from mean of triplicate multiplied by 
dilution factor. 
3.1.8 Detection and characterization by Polymerase Chain Reaction (PCR) 
3.1.8.1 Reagents 
The reagents used in this study procured from various reputed national and 
international firms as listed in table M2. The stock and working solutions of various 
reagents used in the present study are given below: 
3.1.8.1.1 Reagents used in genomic DNA extraction 
Sodium dodecyl sulphate (10%): 10 g of Sodium dodecyl sulphate (SDS) was 
mixed in 100 ml of deionized water. The solution was warmed to dissolve completely 
and pH was adjusted to 7. 
Proteinase K (20 mg/ml): 20 mg of Proteinase K was mixed In one milliliter of 
distilled v^ater and stored at -20°C. 
Tris HCl (IM): 121.1 g of Tris base was dissolved into 800 ml distilled water. The 
pH was adjusted to 8.0 by adding concentrated HCl and obtained the volume to 1000 
ml. The solution was autoclaved and stored at 4°C. 
Tris EDTA (TE) buffer (pH 8.0): Tris HCl (pH 8.0) - 10 mM; EDTA (pH 8.0) - 1 
mM. 
3.1.8.1.2 Reagents used in agarose gel electrophoresis 
Tris Borate EDTA (TBE) buffer (5X): Tris base - 54.0 g; Boric acid - 2.5 g; EDTA 
(0.5M; pH.8)-20 ml; Distilled water-980ml. 
Ethidiuni bromide: 10 mg of ethidium bromide was dissolved in 1 ml of distilled 
water. 
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3.1.8.2 Oligonucleotide primers: The forward and reverse primers used in this study 
for DNA detection of bacterial pathogens were synthesized from Agile Life Sciences 
Technologies India Pvt. Ltd., Mumbai, Genuine Chemical Corp., India, and Integrated 
DNA technology (IDT), USA. The details of the primers used are listed in table M5. 
3.L8.3 Template DNA preparation: Two methods of DNA extraction for the 
preparation of templates were used from reference and biochemically proven isolated 
cultures of C. jejuni, L. monocytogenes. Salmonella spp., S. aureus andE. coli. 
3.1.8.3.1 Extraction of pure DNA: The method as described earlier by Sambrook 
and Russell (2001) was adopted with slight modifications for DNA extraction. The 
recipe of the reagents used is appended in section 3.1.8.1.1. 
About 10 ml of overnight BHI broth cultures of each bacterial pathogen viz. C. 
jejuni. L. monocytogenes. Salmonella spp., S. aureus and E. coli were centrifuged at 
6000 rpm for 15 min at 4°C, separately. The pellet was washed twice with TRIS-
EDTA (TE) buffer and finally suspended in 567 \i\ of TE buffer (10 mM Tris, 1 mM 
EDTA) by gentle vortexing. To the above suspension, 30|il of 10% SDS and 3|il of 
20 mg/ml proteinase-K (final concentration was 100 |ig/ml proteinase-K in 0.5% 
SDS) was added and mixed thoroughly by inversion and incubated at 37°C for 1 h in a 
water bath. To this solution, 100 \x\ of 5M NaCI was added and mixed thoroughly. 
Further the process was followed by the addition of 80 \x\ of CTAB/NaCl (10%o 
CTAB dissolved in 0.7M NaCl), after proper mixing and incubation at 35°C for 10 
min in a water bath. 
The above suspension was then subjected to phenol; chloroform; isoamyl 
alcohol extraction. An equal volume (0.7-0.8 [i\) of phenol; chloroform; isoamyl 
alcohol (25:24:1) was added, mixed thoroughly and centrifuged at 13,000 rpm for 20 
min to separate the organic and aqueous layers. A thick white layer of protein and 
polysaccharide was formed at the interface of the two layers. The upper aqueous 
phase was transferred to a fresh microcentrifuge tube. Equal volume of phenol; 
chloroform; isoamyl alcohol was again added to the aqueous supernatant, re-extracted 
by thorough mixing and spun at 13,000 rpm for 10-15 min. The supernatant was 
transferred to a fresh microcentrifuge tube. The procedure was repeated once again. 
To the final supernatant, 0.6 volumes of isopropanol were added at room temperature 
to precipitate the nucleic acid, ft was then centrifuged at 13,000 rpm for 5 min to 
65 
h-
01 
o in 
Q. 
•a ^ 
u 
c 
01 
s 
O" 
E 
13 
01 
01 
Oil 
a 
01 
c 
01 
o 
Cfl 
o 
Z 
o 
c £ 
o 
<u i-
C 3 
u «-
9 
•~^ 
> 1 
bO 
_o 
o 
c 
~^' 
OB 
o 
c 
x: 
o 
<u H 
c/D 
o 
c 
o 
00 
< 
O H 
H U 
a < 
a < 
i- 'r-
o < 
o < 
O H 
H < 
t ^ 
O H 
a H 
< ^ 
< ^ 
o ^ 
^ o 
^ 
n 
ON 
P 15 
• « c 
o 
c 
0 
o 
< 
a 
< 
< 
< 
< 
u 
LI- Oi 
ON 
ON. 
1^ 1 
-s; at 
t 
3 
-J 
u 
C/3 
-J ? 
Q -
-= -5 
'5) "2 
< £ 
01 
ts 
£ D 
J ? 
Q -
— .s 
'5b ^ < =
o 
< h-
a < 
o u 
a u 
u H 
^ ii 
u a 
o < 
u u 
o a 
u a 
o o 
H U 
u u 
a H 
a, ai 
00 
a-
ON 
"o 
u 
O 
U 
^ s 
<a &« 
o 
B> 
o 
s: 
^ 
^ 
_5 
"5 
? 
c 
60 
_o 
o 
c 
a 
C 3 
o "^ 
c/5 r 
• o 
,<" - J 
- I > 
a. 
— .2 
< £ 
CJ 
o o 
< 
u 
u 
a 
u 
a 
u 
< 
a 
a 
< H 
< 
H 
H 
U 
< O 
H 
a 
o 
u 
u < 
< 
H 
< 
< a 
< 
< 
< 
1 > 
o 
o 
E 
to 
o 
'o" 
60 
_o 
o 
C 
u 
1) 
X) 
E 
3 
Q. 
— .5 
'5)^ 
<: £ 
< 
< 
o 
u 
< 
<: 
< 
< 
E-
O U 
a o 
u u 
< H 
U 
U 
< 
< 
a 
U. Oi [1. Oi 
ON, 
ON 
< 2 
-a 
c 
& 
o 
U 
13 
u 
S 
aj 
J : U 
<u 
c 
'5 
c 
!> 
O 
U 
a 
< 
< 
< 
H 
U 
< 
< 
o 
u 
< 
o 
< ^ 
H < 
H < 
<H 
o o 
u o 
a < 
U.' Qi 
(N 
CQ 
on 
_o 
o 
c 
0) 
c 3 
' o " ^ (/5 r 
•o 
^ J 
a. 
— .2 
'5)'5 
< ^ 
a 
< < 
< u 
< a o 
f -
< o 
u u 
< o 
< u 
u u 
o 
o 
'>< 
o 
> 
60 
_o 
o 
c 
x: 
o 
<u 
h-
03 
X) 
E 
3 
Q -
— .2 
'oo'O 
o ( N 
'— 
O 
r-CNl 
ON 
' y 
f - ) 
0 0 
r-
^ 
L O 
ON. 
ON 
r 
U3 
u 
a 
o 
c/5 
c 
o 
O N 
O N 
^-^ r 
T3 
C3 
u 
*-. 
> 
^^  ON 
O N 
O N 
J-
ca 
u 
13 
a. 
^^  
•o 
ON 
O N 
> « 
0 
o 
c 
CS 
CQ 
pellet the DNA, which was then rinsed with 400 [j,l of 70% ethanol. The DNA was 
harvested by spinning at 13,000 rpm for 5 min. The pellet was dried and resuspended 
in 50 [x\ sterile triple glass distilled water. RNA was removed by adding RNase to a 
final concentration (10 ^ig/ml) and incubated for 20 min at room temperature or for 1 
h at 4°C. 
3.1.8.3.2 DNA extraction by heat lysis method (Snap chill method) 
The DNA extraction method by heat lysis was adopted as described earlier by 
Arora et al., (2006) with required modifications for using in multiplex PCR and 
spiking studies. Briefly, 100 )il of broth culture (pure) was centrifuged at 5,000 rpm 
for 5 minutes. The pellet was resuspended in 100 |il of PBS in a microcentrifuge tube. 
This step was repeated once and resulting pellet dissolved in PBS after proper mixing 
was kept in a boiling water bath for 10 min. After heat treatment, the cell lysate was 
immediately kept into ice. After 10 min, it was centrifuged at 5,000 rpm for 5 min. 
The supernatant was taken as template for PCR assay. 
3.1.8.3 Purity and concentration of genomic DNA 
The purity and concentration of the isolated genomic DNA was determined by 
UV spectroscopy (Varian, India) and agarose gel electrophoresis as per Sambrook and 
Russell (2001) with slight and required modifications. Briefly, one microlitre of the 
DNA solution was added to one millilitre of distilled water. The optical density (OD) 
of diluted DNA sample was read at A260 and A280 keeping TE buffer as blank. The 
DNA purity was estimated by determining the ratio A260/A280, which for apure DNA 
sample should fall between 1.65 and 1.85. 
The concentration of DNA was calculated from the A26fl value keeping the fact 
that one absorbance unit equates to 50 |ig /cm DNA. 
Concentration of DNA (^g /ml) = A260 x 50 
Agarose gel (0.7%) was prepared by boiling agarose (MBI, Fermentas) in an 
appropriate volume of 0.5 X TBE (pH 8.0). The DNA sample (1 |il) was mixed with 4 
\i\ distilled water and 1 [i\ of 6X loading dye and loaded into the wells. 
Electrophoresis was performed at 2-3 v/cm (or at 40V) and the mobility was 
monitored by the migration of the dye. After sufficient migration, the gel was 
examined in a gel documentation system. 
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3.1.8.4 Standardization of polymerase chain reaction 
The PCR assays used in this study were standardized as per the original 
author's protocols and recommended primers depicted in table M5. The 
concentrations of various components in a PCR reaction were optimized with various 
cycling conditions during standardization of a PCR assay for individual target genes 
using thermocycler (Corbett Life Sciences, USA). The products were run on 1.5% 
agarose gel (w/v) to visualize the specificity of the PCR reaction and intensity of the 
amplified product. The temperature at which the reaction generated most clear and 
sharp bands (in terms of intensity) was selected as annealing temperature. Further the 
other parameters like primers, MgCb, DNA (template) and various cycling conditions 
were evaluated to find out the most suitable conditions for a PCR reaction. Thus 
various reactions optimized suitable for a PCR reaction to screen a specific 
characteristic of an individual bacterial pathogen included in this study are as follows; 
3.1.8.4.1 Campylobacter jejuni 
3.1.8.4.1.1 PCR protocol for hippuricase (/»/j'0') gene 
For the amplification of hip '0' gene PCR was standardized as per Linton et 
al., (1997) with slight modifications. The reaction mixture was containing 5 |al IX 
final concentration PCR buffer (20 mM Tris HCl, pH 8.0 at 25"C, 100 mM KCl, 0.1 
mM EDTA, 1 mM DTT, 50% glycerol, 0.5% tween 20 and 0.5% Nonidet-P40), 200 
|iM of each dATP, dCTP, dGTP and dTTP, 0.4 |.iM of each primer, 0.4 U of Taq 
DNA polymerase, 2.0 mM MgCli and 5 |j,l of bacterial DNA. The final volume was 
adjusted to 50 (0,1 with nuclease free water. 
PCR tubes containing reaction mixture were centrifuged and placed in 
thermocycler (Corbett Life Sciences, USA). Cycling conditions included initial 
denaturation at 94°C for 5 min which was followed by 30 subsequent cycles 
consisting of heat denaturation of 94°C for 1 min, annealing at 66°C for 1 min, and 
extension at 72°C for 2 min. A final extension was performed at 72°C for 7 min to 
complete the synthesis of all strands. 
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3.1.8.4.2 Listeria monocytogenes 
3.1,8.4.2.1 Protocol for haemolysin (ItlyA) gene 
For the amplification of hlyA gene (234 bp), PCR was standardized as per 
Furrer et al., (1991) with slight modifications. The reaction mixture was containing 
2.5 i^l of lOX PCR buffer (20 mM Tris HCl, pH 8.0 at 25°C, 100 mM KCl, 0.1 mM 
EDTA, 1 mM DTT, 50% glycerol, 0.5% tween 20 and 0.5% Nonidet-P40), 1.5mM 
MgCl2, 2.5 mM of dNTPs mix, 1.0 |il of both forward and reverse primers (15 pmol), 
1U of Tag DNA polymerase enzyme and 2 |il of DNA as template. Nuclease free 
water was added to make final volume 25 |j,l. 
The cycling conditions were including initial denaturation step at 95^0 for 5 
min followed by 40 subsequent cycles of heat denaturation at 95°C for 30 sec. 
annealing at 54 C for 1 min and extension at 72 C for 1 min. A final extension was 
performed at 72 C for 5 min to ensure the synthesis of all strands. 
3.1.8.4.3 Salmonella spp. 
3.1.8.4.3.1 Protocol for invasive (invA) gene 
PCR protocol was standardized for invA gene (389 bp) detection of Salmonella 
spp. as described by Cocolin et al., (1997) with slight modification. The reaction 
mixture optimized for 50 |il of reaction volume was containing 5 \i\ of lOX PCR 
buffer (20 mM Tris HCl, pH 8.0 at 25°C, 100 mM KCl, 0.1 M EDTA, 1 mM DTT, 
50% glycerol, 0.5% tween 20 and 0.5% Nonidet-P40), 1.5 mM MgCl2, 0.2 mM of 
each dATP, dCTP, dGTP and dTTP, 1 ^ 1 of each primer (10 pmol). 1 U (unit) of Taq 
DNA polymerase (Biogene, USA), 5 i^l of DNA as template and final volume made 
upto 50 1^1 using nuclease free water. 
The cycling conditions were including initial denaturation step at 95°C for 5 
min followed by 35 subsequent cycles of heat denaturation of 95°C for 1 min, 
annealing at 54°C for 1 min, and extension at 72°C for 1 min. A final extension was 
performed at 72°C for 5 min to complete the synthesis of all strands. 
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3.1.8.4.4 Staphylococcus aureus 
3.1.8.4,4.1 PCR protocol for enterotoxin A (seA) 
The PCR assay for seA gene (120 bp) detection of S. aureus was standardized 
as described by Johnson et al., (1991) with slight modification. Reaction mixture 
optimized for 25 |il of reaction volume was containing 2.5 ]x\ of lOX PCR buffer (20 
mM Tris HCl, pH 8.0 at 25°C, 100 mM KCl, 0.1 mM EDTA, 1 mM DTT, 50% 
glycerol, 0.5% tween 20 and 0.5% Nonidet-P40) 25 mM of dNTPs mix, 50 mM 
MgCb. 0.5 |il of each primer (10 pmol), 1 U of Tag DNA polymerase enzyme, 1.5 |ul 
of DNA as template. Nuclease free water was added to make final volume 25 jal. 
The cycling conditions were optimized as initial denaturation step at 95°C for 3 
min followed by 30 subsequent cycles of heat denaturation of 95°C for 30 sec, 
annealing at 55°C for 75 sec, and extension at 72°C for 75 sec. A final extension was 
performed at 72°C for 10 min to complete the synthesis of all strands. 
3.1.8.4.5 Verotoxic E. coli 
3.1.8.4.5.1 PCR protocol for verotoxins (vti and vt2) genes 
PCR protocol was optimized for vti gene detection of VTEC as described by 
Pal et al., (1999) with slight modification. The reaction mixture for 25 i^l of reaction 
volume was containing 2.5 ^1 of lOX PCR buffer (20 mM Tris HCl, pH 8.0 at 25°C, 
100 mM KCl, 0.1 mM EDTA, 1 mM DTT, 50% glycerol, 0.5% tween 20 and 0.5% 
Nonidet-P40), 1.5 mM MgCh, 0.2 mM of dNTP mix, 1 |il of each primer (20 pmol), 
1 U of Tag DNA polymerase enzyme, 2.5 |il DNA as template. Nuclease free water 
was added to make final volume 25 jil. 
The cycling conditions optimized in PCR reaction were including initial 
denaturation step at 95°C for 5 min followed by 35 subsequent cycles consisting ol" 
heat denaturation of 95°C for 1 min, primer annealing at 58°C for 1 min, and 
extension at 72°C for 5 min. A final extension was also included at 72°C for 5 min to 
complete the synthesis of all strands. 
PCR protocol was optimized for vt2 gene detection of VTEC as described by 
Blanco et al., (1996) with slight modification. The reaction mixture for 25 |.il of 
reaction volume was containing 2.5 |il of lOX PCR buffer (20 mM Tris HCl, pH 8.0 
at 25°C, 100 mM KCl, 0.1 mM EDTA, 1 mM DTT, 50% glycerol, 0.5%o tween 20 and 
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0.5% Nonidet-P40X 1.5 mM MgCb, 0.2 mM of dNTP mix, 1 (il of each primer (10 
pmol), lU of Taq DNA polymerase enzyme, 2.5 \i\ DNA as template. Nuclease free 
water was added to make final volume 25 |il. 
The cycling conditions for PCR reaction standardized as initial denaturation 
step at 94'^ 'C for 2 min followed by 30 subsequent cycles of heat denaturation of 94°C 
for 1 min, primer annealing at 55°C for 1 min, and extension at 72°C for 1 min. A 
final extension was performed at 72°C for 10 min to complete the synthesis of ail 
strands. 
After the reaction cycles, PCR tubes containing PCR products were stored at -
20 C until further analysis/confirmation by agarose gel electrophoresis. 
3.1.8.5 Specificity of polymerase chain reaction assay 
The specificity of the above various PCR assay was examined by including the 
various gram positive and gram negative bacteria of similar genera as depicted in 
table Ml. The bacterial isolates were inoculated in BHI broth, incubated overnight, 
subjected to genomic DNA extraction as described in secfion 3.1.8.3.1. PCR was 
performed as described and agarose gel electrophoresis was carried out to check any 
product generated from other bacteria. 
3.1.9 Cultural and PCR method based detection of bacterial pathogens in spiked 
food samples 
In this study, beef and raw milk samples were collected locally. The 
preparation and inoculation of samples was performed as per Alarcon et al, (2004) 
with slight modificafions. Briefly, beef (2 g) or milk (2 ml) sample was mixed in 18 
ml of Buffered Peptone Water separately, in a sterile plastic bag with lateral filter. 
Then sample was homogenized in a stomacher (Stomacher Lab Blender 400, Seward, 
London, UK) for one min, separately. 
The resulfing mixture from filtered and homogenized sample was divided 
equally in aliquots of 1.8 ml each and inoculated with 0.2 ml of ten fold serially 
diluted (10^ to 1 cfu/ml) BHI broth cultures of standard strains of test bacteria 
separately (C jejuni, NCTC 11168; L monocytogenes, MTCC 657; Salmonella 
enteritidis, E 2094; S. aureus, MTCC 1145 and Verotoxic E. coll 19K & Kl 13). The 
concentrations of inoculums were adjusted with the help of 0.5 McFarland's standard 
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prepared as described earlier in section 3.1.1.2.2. Now the inoculated samples were 
incubated at 37°C for 18 h. One ml of these suspensions was used for DNA template 
preparation by heat lysis method as described in section 3.1.8.3.2. Using 5 |LI1 of heat 
lysed DNA, the PCR assays were standardized as described in section 3.1.8.4 for 
respective bacterial pathogen. The PCR products were analyzed by 1.5% (w/v) 
agarose gel electrophoresis. 
Simultaneously, one millilitre of spiked sample was also plated onto their 
selective agars for identification of bacterial pathogen by cultural method as described 
in section 3.1.3. Thus, the lowest number of cells that could be detected in a specific 
PCR reaction or cultural method was considered as sensitivity of the assay. An 
uninoculated aliquote was also used in each assay as control, 
3.1.10 Multiplex PCR (m-PCR) Studies 
The reference bacterial strains of L. monocytogenes (MTCC 657), Salmonella 
lyphimurium (MTCC 98) and S. aureus (MTCC 1145) were used under this study. 
The oligonucleotide primers specific for hlyk, oriC and nuc gene were used in this 
study. The detail of these primers is given in table M5. 
3.1.10.1 Template DNA preparation 
The pure DNA and bacterial heat lysed DNA were extracted as described in 
section 3.1.8.3, used for the preparation of templates from reference strains of L. 
monocytogenes (MTCC 657), Salmonella typhimurium (MTCC 98) and S. aureus 
(MTCC 1145). 
3.1.10.2 Standardization of polymerase chain reaction assay 
The m-PCR assay was followed as per Alarcon et al., (2004) with slight 
modification. The various PCR reaction components like primers, dNTPs, DNA 
(template) and various cycling conditions were evaluated to find out the suitable 
conditions for multiplex PCR reaction. Thus reactions optimized suitable for the 
amplification of 234 bp of haemolysin (hlyk) of Listeria monocytogenes, 163 bp of 
origin of replication (oriC) of Salmonella typhimurium and 270 bp of nuclease (nuc) 
gene of Staphylococcus aureus simultaneously in a single PCR assay. The reaction 
was standardized as follows; 50 |J1 of reaction volume contained 5 fil of lOX PCR 
buffer (20 mM Tris HCl, pH 8.0 at 25°C, 100 mM KCl, 0.1 mM EDTA, 1 mM DTT, 
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50% glycerol, 0.5% tween 20 and 0.5% Nonidet-P40), 2.5mM MgCb, 0.4 mM of 
each dATP, dCTP, dGTP and dTTP, 1.5 U of Taq DNA polymerase enzyme 
(Biogene, USA), 1.5 |al of each primer (10 pmol), 2.0 \i\ (pure DNA)/ 5 (il (heat lysed 
DNA) as template and final volume made upto 50 )al using nuclease free water. 
Cycling conditions for standardized m-PCR assay was including initial 
denaturation step at 94°C for 5 min followed by 35 cycles consisting of heat 
denaturation of 94°C for 30 sec, primer annealing at 56°C for 45 sec, and extension at 
72°C for 45 sec. A final extension was performed at 72°C for 5 min to complete the 
synthesis of all strands. The PCR products were stored at -20*'c for further analysis by 
agarose gel electrophoresis. 
3.1.10.3 Specificity of multiplex polymerase chain reaction assay 
The specificity of the m-PCR assay was validated by including reference 
bacterial cultures like S. epidermidis, L. ivanovii, L inoccua and S. enteritidis. The 
sources of reference cultures used are depicted in table Ml. The bacterial isolates 
were inoculated in BHI broth, incubated overnight, subjected to genomic DNA 
extracfion as described in section 3.1.8.3.1. PCR reacfion was performed as described 
above and 1.5 % agarose gel (w/v) electrophoresis was carried out for the 
confirmation that whether any product generated from other bacteria as a result of 
false amplification. 
3.1.10.4 Sensitivity of multiplex PCR assay 
The preparation and inoculafion of food samples was performed as per Alarcon 
et al., (2004) with slight modifications. Briefly, beef and cheese (10 gram each) were 
added in 90 ml of Buffered Peptone Water in a sterile plastic bag with lateral filter 
(BagPage S400, Bagsystem, Interscence, St-Nom-la-Breteche, France) separately and 
homogenized in a stomacher (Stomacher Lab Blender 400, Seward, London, UK) for 
one min, whereas, raw milk (10 ml) were mixed in 90 ml of Buffered Peptone Water 
in a sterile plastic bag with lateral filter and homogenized in a stomacher. 
The resulting mixture from filtered and homogenized sample was divided 
equally in aliquots of 9 ml each and inoculated with 0.1 ml often fold serially diluted 
(10^ to 1 cell/ml) BHI broth cultures of standard strains of I. monocytogenes, S. 
typhimurium and S. aureus. The concentrations of inoculums were adjusted with the 
help of 0.5 McFarland's standard prepared as described earlier in section 3.1.1.2.2. 
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Now the inoculated samples were incubated at 37°C for 18 h. From these bacterial 
suspensions, the DNA template for the m-PCR assay was prepared by heat lysis 
method as described in section 3.1.8.3.2.The lowest number of cells that could be 
detected in a m-PCR reaction was considered as sensitivity of the reaction. The PCR 
products were analyzed by 1.5% (w/v) agarose gel electrophoresis. An uninoculated 
aliquote was also used in assay as control. 
3.1.11 Antibiotic resistance of isolates 
In this study, the PCR proven bacterial isolates were randomly selected (table 
A5 of annexure) to examine antibiotic resistance as per Hi-Media (Table A4 of 
annexure). The antibiotic discs were procured from Hi-Media (India) and detail of 
various disc depicted in table M6.The reference or standard bacterial strains used 
depicted in table Ml, whereas, media, chemicals, buffers and reagents used in this 
study have been described in section 3.1.1. 
Antibiotic resistance among C. jejuni, L. monocytogenes, Salmonella spp., S. 
aureus and Verotoxic E. coli isolates to commonly used antibiotics was obtained by 
disc diffusion method (Bauer et al., 1966). Briefly, 0.1 ml of test bacterial suspension 
(1x10 cfu/ ml) was prepared in BHI broth (Pronadisa, Spain) and was inoculated onto 
Muller Hinton (MH) agar plates. The culture of C. jejuni was inoculated on modified 
campy blood free agar (mCCDA) plates (as depicted in section 3.1.3) by using sterile 
glass spreader. 
The agar plates were allowed to dry for 10 min. After drying the plates, 
antibiotic disc were placed on agar plates and by using sterile forcep. The plates were 
incubated overnight at 37°C. For C. jejuni the incubation of overnight at 37°C under 
microaerophillic conditions (5% O2, 10% CO2 and 85 % N2) was subjected. The 
results were taken after 18 h as per the directions given by the manufacturers. 
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Table M6: Antibiotic discs used in this study. 
S. No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15, 
16. 
17. 
Antibiotic 
Ampicillin (Am) 
Azithromycin (Az) 
Cephalexin (Cp) 
Cephalothin (Ch) 
Chloramphenicol (CI) 
Ciprofloxacin (Cf) 
Co - trimoxazole (Ct) 
Eiythromycin (Er) 
Gentamycin (G) 
Kanamycin (K) 
Lincomycin (Lm) 
Nalidixic acid (Na) 
Norfloxacin (Nf) 
Penicillin G(P) 
Streptomycin (S) 
Trimethoprim (Tm) 
Tetracycline (T) 
Potency 
(|Lig per disc) 
10 
15 
30 
30 
30 
5 
25 
15 
10 
30 
2 
30 
10 
10" 
10 
5 
30 
-'- Penicillin concentration was in units. 
Results 
4.1 Isolation and biochemical characterization of food borne bacterial pathogens 
from collected samples 
A total of 650 samples from various food sources were subjected for specific 
enrichment and isolation of food borne bacterial pathogens (Campylobacter jejuni, L. 
monocytogenes, Salmonella spp., S. aureus and Pathogenic E. coli) using method 
described in section 3.1.3. The typical colony morphology on respective selective 
media was observed which formed primary basis of selection and isolation of specific 
bacteria from food samples. The morphological characteristics of above bacteria are 
described below; '^ 
On mCCDA, typical C. jejuni colonies showed a thick translucent white 
growth to spreading, film like transparent growth, round to irregular in shape with 
smooth edges (Fig.la). On Listeria Oxford (LO) agar, typical L monocytogenes 
appeared as brown-green coloured colonies with a black halo with varying radii (Fig. 
lb). On HEA, typical Salmonellae have black colonies surrounded by a narrow green 
or green-blue margin or halo with varying radii, with the edge of the colony either 
entire or irregular (Fig. Ic). On BP agar, S. aureus were circular, smooth, convex, 
moist, 2-3 mm in diameter on uncrowded plates, gray to jet-black, frequently with 
light-coloured (off white) margin, surrounded by opaque zone and frequently with an 
outer clear zone; colonies were buttery to gummy consistency (Fig. Id). Verotoxic E. 
coli showed characteristic green metallic sheen on EMB agar (Fig. le). The reference 
strain of £ coli 0157 (ATCC 43889) on MUG Tryptone soy agar, E coli 0157: H7 
was observed with no blue-green fluorescence whereas the non 0157:H7 E. coli were 
observed with blue-green fluorescence (Fig. If). 
The suspected colonies were purified by repeated streaking and examined for 
characteristic microscopic investigations and identified as Gram positive rods {L. 
monocytogenes) and Gram positive coccii in clusters {S. aureus) whereas Gram 
negative rods (E. coli and Salmonella) and Gram negative curved, comma or S-
shaped rods (C. jejuni) and then characterized biochemically using specific method as 
described below: 
4.1.1 Biochemical characterization 
In the present study five bacterial pathogens {Campylobacter jejuni, L. 
monocytogenes, Salmonella spp., S aureus and E. coli) were isolated from various 
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food sources using standard procedure of USFDA (1998). The various biochemical 
assays specific to respective pathogen were performed as depicted in table 1-5 and fig. 
2 to 19. The major characteristics of these bacterial pathogens are described below; 
A total of 72 isolates of C. jejuni were identified biochemically. Of these, 
majority (58) of isolates were from raw chicken followed by fish meat (8), beef (5) 
and raw milk (1). The detail of identified isolates for an individual biochemical 
character is given in table 1. The data revealed that these C. jejuni posifive for 
catalase, growth at 42°C, hippurate hydrolysis and nitrate assay whereas negative for 
acid production from glucose, growth at 25°C, oxidase and H2S production on TSI. 
Similarly, 25 isolates of L. monocytogenes were identified and maximum 
number of isolates (9) was obtained from raw chicken followed by fish meat (8), beef 
(5), raw railk (2) and curd (1). These L. monocytogenes isolates were positive for 
catalase, acid production from rhamnose, CAMP reacfion with S. aureus, beta 
haemolytic activity and motility at 25°C. The isolates were negative towards acid 
production from mannitol, CAMP reaction with R. equi, mofility at 37°C and nitrate 
reduction assay (Table 2). 
Of the 550 food samples examined, 41 isolates of Salmonella were identified. 
These isolates were found positive for citrate utilization, H2S production on TSI, 
Lysine decarboxylase and methyl red assay whereas negative for acid production 
from lactose and sucrose, indole, urease producfion and vogues-proskauer assay 
(Table 3). Analysis revealed that from these 41 isolates 22, 12, 5 and 2 isolates were 
obtained from fish meat, raw chicken, raw milk and beef respectively. 
On the other side, 102 5". aureus isolates were idenfified from total 550 food 
samples collected. These isolates resulted positive for catalase, acid production from 
glucose and mannitol anaerobically, coagulase production, growth in 10% NaCl and 
DNase whereas negative for oxidase. The detail of identified isolates for an individual 
biochemical character is given in table 4. Investigation showed that maximum isolates 
(32) were obtained from raw chicken. Close similar numbers of isolates were found 
from fish meat (30), whereas 22 and 18 isolates recovered from raw milk and beef 
Resuhs obtained from 300 food samples found that 79 isolates of suspected 
pathogenic E. coli were identified. Of these isolates 22, 21, 19 and 17 isolates were 
obtained from beef, raw milk, raw chicken and fish meat respectively. In table 5, it 
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Fig. la: C. jejuni on Modifled Campy Blood 
Free Agar (mCCDA) 
Fig. lb: L monocytogenes on Listeria Oxford agar 
Fig. Ic: Salmonella on Heittoen Enteric agar Fig. Id: S. aureus on Baired Parker (BP) agar 
Fig. le: E. coli on Eosin Methylene 
Blue (EIMB) agar 
Fig. If: £. coli on MUG Tryptone soy agar 
(i) 0157:H7 
(ii)NonOl57:H7EHEC 
Fig. 1: Cultural characteristics of bacterial pathogens on specific selective 
media. 
+ + + 
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Fig. 2: Carbohydrate fermentation assay 
(-) Negative (No Acid/gas Production, Red (tubes) 
(+) Positive (Acid production, yellow tubes) 
(C) Control (uninoculated) 
Fig. 3: Catalase assay 
(A) Negative 
(B) Positive 
»»«* 
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Fig. 4: Oxidase assay 
(A) Negative 
(B) Positive 
Fig. 5: Indole assay 
(A) Negative 
(B) Positive 
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Fig. 6: Methyl red assay 
(A) Control (Blank) 
(B) Negative 
(C) Positive 
Fig. 7: Voges Proskauer assay 
(A) Negative 
(B) Positive 
l^-m 
Fig. 8: Citrate utilization assay on Simmon's 
citrate agar 
(A) E. coli (Negative) 
(B) Salmonella (Positive) 
Fig. 9: Lysine decarboxylase assay 
(A) Negative 
(B) Positive 
B C 
Fig. 10: Nitrate reduction assay 
(A) Negative 
(B) Positive (No zinc dust) 
(C) Positive (with zinc dust) 
Fig. 12: H2S producyion on TSl agar 
(A) Negative (C. jejuni) 
(B) Positive (Salmonella) 
(C) Control (IJninoculated) 
Fig. 11: Urease assay on urea agar 
(A) Negative 
(B) Positive 
f 
Fig. 13: Hippurate hydrolysis assay 
(A) Negative 
(B) Positive 
Fig. 14: Haemolysis assay on Sheep 
blood agar 
(A) Positive 
(B) Negative 
Fig. 15: Christie, Atkins, Munch-Petersen (CAMP) assay 
i. Isolates recovered 
ii. Standard Listeria monocytogenes showing 
synergetic haemolytic activity with 
Staphylococcus aureus 
iii. Standard Listeria ivanovii showing synergetic 
haemolytic activity with Rhodococcus equi 
R. Rhodococcus equi 
S. Staphylococcus aureus 
? 
3H. ^ ^ ^ ^ i 
Fig, 16: Motility assay 
(A) Negative 
(B) Control 
Fig. 17: Coagulase assay 
(A) Negative 
(B) Positive 
Fig. 18: Deoxyribonuclease (DNase) assay 
on DNase agar 
Fig. 19: 0-nitrophenyl galactosidase assay 
(A) Negative 
(B) Positive 
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Fig. 20: Cytopathic effect of CFCS from VTEC on Vero ceHs (lOOX magnification). 
(A) Vero cell uninoculated 
(B) Vero cell after 48 h 
(C) Vero cell after 72h 
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has shown that these E. coli were positive for fermentation of lactose, arabinose. 
indole production, methyl red assay, ONPG assay, motility and MUG assay whereas 
negative for oxidase, Vogues-proskauer, citrate utilization, H2S production and 
urease assay. 
In this study. 4 (BEC -14, 16, 19 & 22) and 2 (CEC- 12 & 26) isolates obtained 
from beef and raw chicken meat respectively, were found sorbitol negative. However, 
in MUG assay these isolates were showing characteristic fluorescence and turned out 
negative for E. coli 0157 and considered as non 0157 VTEC (Table 5). 
The toxicity {in vitro pathogenicity) of these pathogenic E. coli isolates was 
confirmed by cell cytotoxicity assay on Vero cell lines. After 48h incubation with 
CFCS from Verotoxic E. coli (20 fil), microtitre plates were examined for 
morphological changes in cell lines (Fig. 20). The significant changes in Vero cells 
were observed from spindle, characteristic of normal Vero cells, to round and 
shrivelled cells (Fig. 20B). However, after 72 h incubation more clear appearance of 
changes in morphology of Vero cells were observed (Fig. 20C).Thus 20 isolates of £. 
coli were found positive during assay and designated as VTEC. 
4.2 Serotyping oiE. co//Isolates 
The results of serotyping as indicated in table 6 revealed serotype 0159, 0132, 
0172, 019, O60, 041, 073, O60, 03, 09, 043 and 0101 were recovered in this 
study. The O60 was found to be most frequent serotype found in 11 isolates. Further, 
five of each 03, 09, 073, 0159 serotypes were also recovered from various foods. 
The four of each 041 and 0172 serotypes were also confirmed after serotyping. It 
was also found that three of each 019. 0101 and 0132 serotypes and a single 043 
serotype also recovered in the present study (Table 6) 
4.3 Prevalence of bacterial pathogens in various food sources by cultural 
methods 
Based on cultural and biochemical methods of food borne pathogen detection, 
the prevalences of different pathogenic bacteria studied hereunder {Campylobacter 
jejuni, L. monocytogenes. Salmonella spp., S. aureus and E. coli) are depicted in table 
7. The overall prevalence of C. jejuni was found 13.09% (72 isolates) from total 
collected 550 samples. Similarly, 3.8% (25 isolates) L. monocytogenes, 7.4% (41 
isolates) Salmonella spp., 18.5% (102 isolates) S. aureus and 263% (79 isolates) ofE 
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fable 7: Prevalence of bacterial pathogens screened from various sources 
bv conventional cultural methods. 
S. No. Bacteria Source No. of No. of positive 
samples samples by cultural 
methods (%) 
C. jejuni Beef 
Fish meat 
Raw chicken 
Raw milk 
50 
200 
150 
150 
05(10.0) 
02, (4.0) 
58(38.6) 
01 (0.6) 
Total 550 72 (13.09) 
L. monocytogenes Cheese 
Curd 
Raw milk 
Beef 
Fish meat 
Raw chicken 
50 
50 
150 
50 
200 
150 
00 (0.0) 
01 (2.0) 
02(1.3) 
05 (2.5) 
08 (4.0) 
09 (6.0) 
Total 650 25 (3.8) 
Salmonella spp. Beef 
Fish meat 
Raw chicken 
Raw milk 
50 
200 
150 
150 
02 (4.0) 
22(11.0) 
12(8.0) 
05(3.3) 
Total 550 41 (7.4) 
4. S. aureus Beef 
Fish meat 
Raw chicken 
Raw milk 
50 
200 
150 
150 
18(36.0) 
30(15.0) 
32(21.3) 
22(14.6) 
Total 550 102 (18.5) 
5. Pathogenic E. coli Beef 
Fish meat 
Raw chicken 
Raw milk 
50 
50 
50 
150 
22 (44.0) 
17(34.0) 
19(38.0) 
21(14.0) 
Total 300 79 (26.3) 
' ^ : - , > ^ : / 
coli were isolated from total samples screened for individual bacfeirat pafhb'gen (Fig. 
21). 
4.4 Enumeration of bacteria in food samples 
The total aerobic, coliform. Campylobacter, L. monocytogenes, Salmonella. S. 
aureus and E. coli counts from various foods samples are depicted in Table A6 to A13 
of annexure. 
4.4.1 Total aerobic plate count 
The total aerobic plate count for various food samples understudied was varied 
from log 3.0 to log 7.8 cfu g"'. The count among beef samples was varied from log 4.5 
to log 6.9 cfu g"' (Fig. 22). Among fish meat samples the count was ranged between 
log 4.0 to log 7.8 cfu g" (Fig. 23). The raw chicken meat samples exhibited a range of 
log 3.0 to log 7,8 cfu g"' (Fig. 24). 
Out of 34 beef samples analysed, 25 (73.5%) samples showed count between 
log 6.0 to log 6.9 cfu g"' (Fig. 22). The majority offish meat samples 41 (60.2%) 
showed count between log 5.0 to log 5.9 cfu g'' (Fig. 23). The similar trend was also 
observed in raw chicken meat samples 33 (35.4%) showed TAPC of >log 6.0 cfu g"' 
followed by 33.3% between log 5.0 to log 5.9 cfu g"' (Fig. 24). In raw milk samples 
the load of log 4.0 to log 4.9 cfu g'' was observed (Fig. 25). 
4.4.2 Total coliform count 
The total coliforms were observed from various food samples varied between 
log I.O to log 4.8 cfu g''. Beef samples showed values from log 2.0 to log 4.7 cfu g'' 
(Fig. 22). Similarly, the TCC among fish meat samples varied from log 1.5 to log 4.8 
cfu g"' (Fig. 23). The quite similar values of TCC among raw chicken meat samples 
varied from log 1.5 to log 4.6 cfu g"' (Fig. 24). 
Out of total beef samples, 76.4% exhibited values from log 3.0 to log 3.9 cfu g' 
', whereas, among fish meat samples maximum samples (63.6%)) showed count 
between log 3.0 to log 3.9 cfu g"' (Table A6 & A7). A large amount (82.7%) of 
samples showed count < log 3.0 to log 3.9 cfu g'' in raw chicken meat (Table A8). In 
raw milk and curd samples the coliform count found between log 2.0 to log 2.9 cfu g"' 
(Table A9 & Fig. 25). 
77 
4.4.3 Campylobacter count 
In overall Campylobacter count for various food samples found between log 
1.0 to log 5.8 cfu g"' (Table AlO). Beef samples showed the Campylobacter load of 
log 1.0 to log 2.8 cfu g"' whereas fish meat samples showed count of log 2.0 to log 3.6 
cfu g"' (Table AlO). The majority of samples 69.2% showed count between log 2.0 to 
log 2.9 cfu g" from total samples analysed of both type meat sources (Fig. 26). The 
highest load of Campylobacter was observed from raw chicken meat samples and 
ranged between log 1.5 to log 5.8 cfu g''. Of the total raw chicken meat samples, 
65.5% showed count between log 2.0 to log 3.9 cfu g''. 
4.4.4 L monocytogenes count 
During enumeration of Listeria the count in various food samples found 
between log 1.0 to log 3.8 cfu g' . Among beef samples the count varied from log 1.0 
to log 2.9 cfu g' whereas among fish meat samples varied from log 1.5 to log 2.8 cfu 
g"' (Table All) . Among raw chicken meat samples the load of Listeria observed 
between log 1.7 to log 3.8 cfu g'' whereas two raw milk samples screened showed 
Listeria count of log 3.8 cfu gT and log 4.0 cfu g"' whereas only one curd sample 
screened, loaded with log 2.6 cfu g"' oiListeria (Fig. 27). 
4.4.5 S. aureus count 
The screening of various food samples for .S". aureus load revealed the presence 
of this pathogen between log 1.0 to log 4.8 cfu g"'. Beef samples laden with log 1.0 to 
log 3.6 cfu g"' of the pathogen, whereas, a close load of log 1.6 to log 3.6 cfu g'' also 
traced among fish meat samples. The majority (69.6%) of samples showed count 
between log 2.0 to log 3.6 cfu g' (Fig. 28). S. aureus load among raw chicken meat 
samples found between log 1.6 to log 3.8 cfu g"'. Similarly as in fish meat samples the 
count from most of the samples (93.7%) found between log 2.0 to log 3.8 cfu g"' 
(Table A12). However raw milk samples showed slightly higher load and ranged 
from log 2.8 cfu g"' to log 4.8 cfu g"' (Fig. 28). The pathogen was traced between log 
3.0 to log 3.8 cfu g"' among maximum (68.1%)) samples (Fig. 28). 
4.4.6 E. coli count 
The level of E. coli contamination for various food samples found between log 
1.5 to log 3.9 cfu g"'. Beef samples showed a lowest count of log 1.8 cfu g" and 
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traced upto the value of log 3.6 cfu g'' whereas fish meat samples traced with E. coli 
contamination of log 1.8 to log 3.0 cfu g'' (Fig. 29). The raw chicken meat samples 
were also found contaminated with the value of log 1.8 to log 3.8 cfu g''. Out of total 
raw chicken meat samples analysed, 84.2% showed count between log 2.0 to log 3.8 
cfu g''. The enumeration of £. coli in 21 raw milk samples found load between log 2.8 
to 3.9 cfu g"'. Analysis revealed that 90.4% samples showed the E. coli count of log 
3.0 to 3.9 cfu g"'(Table Al3). 
4.5 Characterization of bacterial isolates by Polymerase chain reaction (PCR) 
4.5.1 Template DNA preparation 
The bacterial cultures isolated by cultural methods from food samples were 
subjected to the template preparation using genomic DNA as described by Sambrook 
and Russei (2001). PCR could be carried out efficiently with the extracted genomic 
DNA. The quantifiable good quality DNA suitable for PCR was obtained. 
The DNA was isolated from all 319 isolates of various bacteria included in this 
study. The concentrations of DNA were yielded from 5.2 \ig /ml to 8.0 )ag /ml 
whereas ratio of absorbance A260/A280 were approximately 1.8 which indicates that 
extracted DNA was free from protein contamination. The DNA samples were diluted 
in autoclaved distilled water for further working. 
4.5.2 Standardization of PCR 
A total 319 bacterial isolates were obtained by cultural method (Table 7). 
Further, the presence of specific gene for Campylobacter jejuni (/z/p'O'), L. 
monocytogenes {hlyk), Salmonella spp. (invA), S. aureus (seA) and Verotoxic E. coli 
(vti & vti) was confirmed by PCR. The various concentrations of PCR reagents like 
MgCl2, dNTPs, and primers were used to standardize the various PCR reactions. The 
concentrations of MgCh ranged between 1.5-50 mM, 0.2-25 mM dNTPs. and 10-15 
pmol of each primer were used to give optimal results. 
4.5.2.1 Analysis of PCR products 
The PCR products were electrophorased on agarose (1.5% w/v) for the 
analysis of specific molecular size band obtained from various PCR reactions. 
The standardized hip'O' gene specific reaction for C. jejuni generated a clear 
band at 735 bp (Fig. 30A). Specificity of hip'0' PCR assay was examined by using 
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Fig. 31: C jejuni specific PCR assay targeting 
A/p'O' gene (735 bp) 
Fig. 32: L. monocytogenes speciflc PCR assay targeting 
MyA gene (234 bp) 
Lane M 
LaneNCTC 11168 
LaneMTCC 1126 
Lane MTCC 443 
lOObpDNAladder 
C. jejuni (Positive control) 
C. coli (negative control) 
E. coli (negative) 
LaneM 
Lane MTCC 657 
LaneNCTC 11846 
LaneNCTC 11288 
LaneMTCC 1145 
lOObpDNAladder 
L monocytogenes (Positive control) 
L. ivanovii (negative control) 
L inoccua (negative control) 
5. aureus (negative control) 
400 bp . 
300 bp 
e 
4^ 
2 2 
-i 
X — • 389 bp 200 bp 
120 bp 
100 b 
Fig. 33: Salmonella spp. specific PCR assay targeting 
invA gene (389 bp) 
Fig. 34: S. aureus specific PCR assay targeting 
Lane M 
Lane MTCC 98 
Lane E 2094 
Lane MTCC 443 
lOObpDNAladder 
Salmonella typhimurium (Positive control) 
Salmonella entehtidis (Positive control) 
E. coli (Negative control) 
s M gene (120 bp) 
Lane M 
Lane MTCC 435 
LaneMTCC 1145 
Lane MTCC 657 
LaneMTCC 1)35 
lOObpDNAladder 
S". epidermidis (negative control) 
S. aureus (Positive control) 
L. monocytogenes (negative control) 
R. equi (negative control) 
r. 
2 w 
400 bp-
300 bp 
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478 bp 
Fig. 35: Verotoxic E. coli specific PCR assay targeting 
vt, gene (349 bp) 
LaneM : lOObpDNAladder 
Lane Kl 13 ; Verotoxic E. coli (Positive control) 
Lane MTCC 443 : E. coli (Negative control) 
Lane 19K : Verotoxic E. coli (Negative control) 
Fig. 36: Verotoxic E. coli specific PCR assay targeting 
vti gene (478 bp) 
Lane M 
Lane K. 113 
Lane MTCC 443 
Lane 19K 
lOObpDNAladder 
Verotoxic E. coli (Negative control) 
Non-Verotoxic E. coli (Negative control) 
Verotoxic E. coli (Positive control) 
DNA from C coli (MTCC 1126) and E. coli (MTCC 443) as indicated in table Ml. 
None other bacterial DNA except from C. jejuni was amplified in either hip 0 ' assay 
(Fig. 31). 
The L. monocytogenes isolates identified on the basis of hlyh gene specific 
PCR assay, which generated a clear band at 234 bp (Fig.30B).The DNA from L. 
ivanovii (MTCC 11846), L inoccua (MTCC 11288) and S. aureus (MTCC 1145) did 
not generate such PCR product (Fig.32). 
As expecting, a product of 389 bp was obtained after standardized PCR assay 
targeting mvA gene for Salmonella spp. identification (Fig.30C). E. coli (MTCC 443) 
was used for specificity assay and found no cross reaction (Fig.33). 
The seA gene based PCR assay for 5 aureus identification generated a PCR 
product of 120 bp (Fig.30D). The specificity of PCR assay for S. aureus was 
examined by using DNA from other gram positive bacteria like S. epidermidis 
(MTCC 435), L. monocytogenes (MTCC 657) and R. equi (MTCC 1135) and found 
only DNA from S. aureus was amplified in either PCR assay (Fig.34). 
Similarly, VTEC were identified targeting vti and vt2 genes in separate PCR 
assay. The PCR products of 349 bp and 478 bp were generated from these 
standardized PCR assay (Fig. 30E and 30F). The specificity assay for vti and vt2 genes 
targeted PCR found none of the bacterial DNA except from Verotoxic E. coli 
amplified in either vti or v?^assay (Fig. 35 & 36). 
4.6 Characterization of bacterial pathogens by PCR 
Food borne bacterial pathogens studied hereunder in this investigation were 
isolated and characterized biochemically. Further, these bacteria were characterized 
by PCR targeting specific gene, such as hip ' 0 ' {C. jejuni), hlyA {L. monocytogenes), 
invA (Salmonella spp), seA [S. aureus) and vti & vt2 (VTEC). 
A total of 72 isolates of C. jejuni, 25 of L. monocytogenes, 41 of Salmonella 
spp., 102 of S. aureus and 79 of Verotoxic E. coli isolated in this study by cultural 
methods were subjected for specific gene detection by various standardized PCR 
assays. These PCR assays were turned out positive in 68 (94.4%) samples for C 
jejuni, 25 (100.0%) for L. monocytogenes, 41 (100.0%) for Salmonella and 29 
(28.4%) for S. aureus and 20 (25.3%) for VTEC. Among C jejuni isolates four 
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Fig. 37: A/p'O' gene (735 bp) detection of C. jejuni from fish meat, raw milk, raw chicken 
and beef samples using PCR 
LaneM 
LaneMTCC 1126 
LaneNCTC 11168 
LaneFCBJ(17&18) 
Lane MCBJ-77 
LaneCCBJ-10 
Lane CCBJ - 22 
LaneBCBJ(7, 13&21) 
100 bpDNA ladder 
C. coli (Negative control) 
C. jejuni (Positive control) 
Isolates positive for C. jejuni from fish meat 
Isolates positive for C. jejuni from raw milk 
Isolate positive for C. jejuni from raw chicken 
Isolate negative for C. jejuni from raw chicken 
Isolates positive for C. jejuni from beef 
234 bp 
300 bp 
200 bp 
Fig. 38: hly\ gene (234 bp) based detection of L. monocytogenes from fish meat, raw chicken, 
raw milk and curd using PCR 
Lane M 
Lane MTCC 657 
LaneNCTC 11846 
Lane CULM-19 
Lane MLM-47 
Lane BLM (20&32) 
Lane FLM (73, 147, 
148&173) 
Lane CLM (2 &5) 
100 bpDNA ladder 
L. monocytogenes (positive control) 
L. ivanovii (Negative control) 
Isolates positive for L monocytogenes from curd 
Isolates positive for L monocytogenes from raw milk 
Isolates positive for L. monocytogenes from beef 
Isolates positive for L monocytogenes from fish meat 
Isolates positive for L monocytogenes from raw chicken 
389 bp 400 bp 
300 bp 
Fig. 39: inv\ gene (389 bp) based detection of Salmonella from beef, fish meat, raw chicken 
and raw millc using PCR 
LaneM 
Lane Kl13 
Lane FS (3, 9, 11,26, & 44) 
Lane MS (131&56) 
LaneCS(19,44&97) 
Lane BS 7 
100 bpDNA ladder 
Verotoxic E. coli (Negative control) 
Isolates positive for Salmonella from fish meat 
Isolates positive for Salmonella from raw milk 
Isolates positive for Salmonella from raw chicken 
Isolates positive for Salmonella from beef 
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Fig. 40: sek gene (120 bp) based detection of 5!. aureus from fish meat, raw chicken and raw 
milk using PCR 
Lane M 
LaneCSA(108&39) 
LaneCSA(31,25&24) 
LaneFSA21 
Lane PSA 17 
Lane MSA (61 & 63) 
Lane MSA 69 
100 bpDNA ladder 
Isolates positive for S. aureus from raw chicken 
Isolates negative for S. aureus from raw chicken 
Isolates positive for S. aureus from fish meat 
Isolates negative for X aureus from fish meat 
Isolates positive for S. aureus from raw milk 
Isolates negative for S. aureus from raw milk 
2 2 2 2 2 2 2 
W PI PI W C*1 PI 
n o o n o n 2 
349 bpf—:—ifc^ 400 bp 
300 bp 
100 bp 
349 bp 
Fig. 41: vtj gene (349 bp) based detection 
of Verotoxic E. coli from raw milk 
using PCR 
Fig. 42: vti gene (349 bp) based detection 
of Verotoxic E. coli from beef 
using PCR 
LaneM : 100 bp DNA ladder 
Lane MEC 1 : Isolate positive for Verotoxic E. coli 
from raw milk 
Lane MEC (4, : Isolates negative for Verotoxic E. coli 
8, 9,23 & 25) from raw milk 
LaneM 
LaneBEC(]4, 16, 
17& 19) 
LaneBEC(21&22) 
100 bp DNA ladder 
isolates positive for VTEC 
from beef 
Isolates negative for VTEC 
from beef 
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Fig. 43: vt, gene (349 bp) based detection of Verotoxic E. coli from fish meat and beef using PCR 
Lane M 
Lane FEC 30 
Lane FEC (31,43,44,45, 
48,3,7,8,10, 14, 18 & 19) 
LaneBEC(7&ll) 
lOObpDNAladder 
Isolate positive for VTEC from fish meat 
Isolates negative for VTEC from fish meat 
Isolates positive for VTEC from beef 
\^ '^ \^ 3 3 C D C S CD D3 CD CD X X 
vo n n n T^MipM 
!-> '• 
478 bp 
SOObp 
400 bp 
Fig. 44: vt2 gene (478 bp) based detection of Verotoxic £. co// from beef and raw milk using PCR 
Lane M 
Lane 19K 
Lane MEC (4&8) 
Lane MEC 9 
Lane BEC (21 &22) 
LaneBEC(10, 11, 14, 
16, 17, 19 & 23) 
100 bpDNA ladder 
Verotoxic £ coli (Positive control) 
Isolates negative for Verotoxic E. coli from raw milk 
Isolates positive for Verotoxic E. coli from raw milk 
Isolates positive for Verotoxic E. coli from beef 
Isolates negative for Verotoxic E. coli from beef 
500 bp 
400 bp 
Fig. 45: vt2 gene (478 bp) based detection of Verotoxic E. coli from fish meat and raw chicken 
and using PCR 
Lane M 
Lane 19K 
LaneCEC(12&26) 
Lane CEC( 13,14,20,21&23) 
Lane FEC (3, 7, 8. 14, 18. 19,21, 
27,28 &30) 
Lane FEC 26 
100 bpDN A ladder 
Verotoxic E. coli (Positive control) 
Isolates positive for Verotoxic E. coli from raw chicken 
Isolates negative for Verotoxic £. coli from raw chicken 
Isolates negative for Verotoxic E. coli from fish meat 
Isolate positive for Verotoxic E. coli from fish meat 
Table 8: Prevalence of hip 'O' gene among C. jejuni isolates by PCR. 
Isolate designation 
Detection by Detection No. of 
Source cultural by PCR positive 
methods method isolates by 
PCR(%) 
BCBJ-7, 13,21,22, 39, Beef 
FCB.I-17, 18,44,59,63,121, 163, 167 Fish meat 
CCBJ - 6, 9, 10,15, 16, 23, 24, 25, 28, Raw chicken 
37, 41, 43, 44, 46, 47, 66, 67, 68, 70, 
73, 74, 75, 76, 79, 84, 87, 88, 93, 95, 
99, 102, 103, 104, 108, 109, 112, 113, 
114, 116, 119, 122, 123, 127, 128, 130, 
133, 134, 137, 138, 139, 143, 144, 146, 
147 
+ 05(10) 
+ 08 (4) 
+ 54(36) 
CCBJ - 18, 22, 34, 61 Raw chicken 
MCBJ -- 77 Raw milk 01(0.6) 
Total = 72 68 (94.4%) 
BCB.I - C. jejuni from beef. FCB.I - C. jejuni from fish meat. CCB.1 - CJejuni from raw chicken. MCBJ- CJejuni from 
raw milk 
Table 9: Prevalence oihaemolysin (lilyA) gene among L. monocytogenes isolates by PCR. 
Isolate designation Source Detection by Detection No. of 
cultural by PCR positive 
methods method isolates by 
PCR(%) 
CULM-19 
MLM-31,47 
Curd 
Raw milk 
BLM-3, 17,20,32, 35, Beef 
FLM - 13, 21, 44, 45, 73, 147, 148, 173 Fish meat 
CLM-2, 5,6, 19,24,43,111,116,129 Raw chicken 
01 (2.0) 
02(1.3) 
05 (2.5) 
08 (4.0) 
09 (6.0) 
Total = 72 
CULM- L. monocytogenes from curd, MLM- L. monocytogenes from raw milk, BLM- L monocytogenes from beef 
I'LM- L. monocytogenes from fish meat, CLM- L. monocytogenes from raw chicken. 
25 (100%) 
Table 10: Prevalence of invk gene among Salmonella spp. isolates by PCR. 
Isolate designation 
Detection by Detection No. of 
Source cultural by PCR positive 
methods method isolates by 
PCR(%) 
MS-1,27,53,56, 131 Raw milk 
CS - 14, 16, 19, 44, 46, 97, 107, 139, Raw chicken 
140, 141, 146, 148 
+ 05(3.3) 
12(8.0) 
FS - 3, 9, 11, 26, 44, 47, 48, 73, 88, 89, Fish meat 
95, 99, 117, 120, 121, 122, 127, 130, 
134, 135, 141, 146 
22(11.0) 
BS-7 , 24 Beef 02 (4.0) 
Total = 41 41 (100%) 
MS- Salmonella from raw milk, CS- Salmonella from raw chicken, FS- Salmonella from fish meal. BS- Salmonella from 
beef 
Table 11: Prevalence of enterotoxin A (seA) gene among S. aureus by PCR. 
Isolate designation 
Detection by Detection No. of 
Source cultural by PCR positive 
methods method isolates by 
PCR(%) 
BSA-5. BSA-11 Beef 02(4.0) 
B S A - 1 , 4 . 12,14,21,24,27,28.29, Beef 
32,34. 35, 36,39,41,42. 
FSA -^  21, 23, 24, 42, 46, 76, 78, 84, Fish meat 
122, 126, 128, 166, 169, 170, 173 
15(7.5) 
FSA - 17, 25, 28, 36, 37, 43. 49, 51, 56, Fish meat 
57, 71,79,80, 174, 181 
+ 
CSA-39, 108 Raw chicken 02(1.3) 
CSA ~ 7, 9, 10, 11, 14, 19, 21, 24, 25, Raw chicken 
31, 33, 34, 38, 40, 44, 57, 63, 66, 61, 88, 
89, 91, 94, 96, 97, 107, 119, 123, 
124,129 
MSA - 4, 7, 49, 61, 63, 83, 99, 103, Raw milk 
126,132. 
10(6.6) 
MSA - 23, 46, 48, 58, 69, 74, 76, 77, 78, Raw milk 
86,88,136 
Total = 102 29 (28.4%) 
BSA- S. aureus from beef, FSA- 5. aureus from fish meat, CSA- 5". aureus from raw chicken. MSA- S. aureus from 
raw milk 
Table 12A: Prevalence of Verotoxic E. coli by verotoxin gene (vti) targeted PCR. 
Isolate designation 
Detection by Detection No. of 
Source cultural by PCR positive 
methods method isolates by 
PCR(%) 
MEG- 1,34 Raw milk 02(0.01) 
MEG - 4, 8, 9.23, 25,26, 27, 38,41, 
56,58,77, 108, 111, 112, 139, 142, 144, 
145 
Raw milk 
GEC-31, 32 Raw chicken 02 (4.0) 
CEG - 7, 8, 11, 12, 13, 14, 20, 21, 23, Raw chicken 
26, 27, 28, 35, 42, 43, 44, 47 
BEG-7, 11, 14, 16, 17, 19 Beef 06(12.0) 
BEG - 1, 2, 8, 9, 10, 21, 22, 23, 24, Beef 
26,27.28, 29, 33,42,44 
PEG-30 Fish meat 01 (2.0) 
PEG-3, 7, 8,10,14,18,19,21,26,27, Pish meat 
28,31, 43,44,45,48 
Total = 79 11 (11.5%) 
MEC- VTEC from raw milk. CEC- VTEC from raw chicken, BEC- VTEC from beef FEC- VTEC from fisti meat. 
Table 12B: Prevalence of Verotoxic E. col/ by verotoxin gene (vtj) targeted PCR. 
Isolate designation 
Detection by Detection No. of 
Source cultural by PCR positive 
methods method isolates by 
PCR (%) 
MEG-9, 38, 41 Raw milk 03 (0.02) 
MEG- 1, 4, 8, 23, 25, 26, 27, 34, 56, 
58, 77, 108, 111, 112, 139, 142, 144, 
145 
Raw milk 
CEG-12, 26 Raw chicken 02 (4.0) 
CEG - 7, 8, 11, 13, 14, 20, 21, 23, Raw chicken 
27,28, 31,32,35, 42,43,44,47 
BEG-9, 21,22 Beef 03 (6.0) 
BEG- 1, 2, 7, 8, 10, 11, 14, 16, 17, Beef 
19,23,24,26,27,28, 29, 33,42,44 
FEC-26 Fish meat 01 (2.0) 
FEG-3. 7, 8, 14, 18, 19,21,27,28, 
30,31.43,44,45,48 
Fish meat 
Total = 79 09 (9.4%) 
MEC- VTEC from raw milk, CEC- VTEC from raw chicken, BEC- VTEC from beef, FEC- VTEC from fish meat. 
Table 13: Prevalence of specific gene among studied bacterial pathogens from 
various food sources by using PCR. 
No. of positive samples 
detected by PCR (%) 
using various primers 
targeting hip'O', My 
(LLO), invA, seA, vt, and 
vt2 genes* 
S. No. Bacteria Source No. of 
samples 
C. jejuni Beef 
Fish meat 
Raw chicken 
Raw miil< 
50 
200 
150 
150 
05(10.0) 
08 (4.0) 
54 (36.0) 
01 (0.6) 
Total 550 68 (12.3) 
2. L. monocytogenes Cheese 
Curd 
Raw milk 
Beef 
Fish meat 
Raw chicken 
50 
50 
150 
50 
200 
150 
00 (0.0) 
01(2.0) 
02(1.3) 
05(2.5) 
08 (4.0) 
09 (6.0) 
Total 650 25 (3.8) 
3. Salmonella Beef 
Fish meat 
Raw chicken 
Raw milk 
50 
200 
150 
150 
02 (4.0) 
22(11.0) 
12(8.0) 
05(3.3) 
Total 550 41 (7.4) 
S. aureus Beef 
Fish meat 
Raw chicken 
Raw milk 
50 
200 
150 
150 
02 (4.0) 
15(7.5) 
02(1.3) 
10(6.6) 
Total 550 29 (5.2) 
5. Verotoxic E. coli Beef 
Fish meat 
Raw chicken 
Raw milk 
50 
50 
50 
150 
09(18.0 
02 (4.0) 
04 (8.0) 
05(3.3) 
Total 300 20 (6.6) 
isolates could not be found positive in hip'O' gene targeting PCR assay whereas 73 
and 59 isolates were not found positive for seA and vt genes targeted for S. aureus 
and VTEC respectively. The detail of PCR negative samples from various studied 
bacterial pathogens found culturally and biochemically positive depicted in table 8 to 
12. The amplified products generated from various bacterial isolates, after 
amplification targeting a specific PCR assay (to a specific bacteria studied hereunder) 
from various food sources are shown in figure 37 to 45. 
In view of total various samples screened for a specific bacterial pathogen, the 
PCR assay was turned out posifive in 68 (12.3%) samples for C. jejuni, 25 (3.8%) for 
L. monocytogenes, 41 (7.4%)) for Salmonella and 29 (5.2%)) for S. aureus and 20 
(6.6%) for VTEC (Table 13). 
4.7 Cultural and PCR method based detection of bacterial pathogens in spiked 
food samples 
The cultural and PCR methods were applied for the determination of 
sensitivity of these assays at various dilutions in spiked food samples. Analysis 
revealed that all bacteria were detected upto 10 cfu/ml in all food samples by cultural 
and PCR method both (Fig. 48-57). However in case of C. jejuni, the detection upto 
100 cfu/ml was found positive by cultural methods. On the other side, PCR was 
turned out positive upto 10 cfu/ml in both types of food samples (Fig. 46 &47). 
4.8 Multiplex PCR (m-PCR) studies 
The various parameters optimized suitable for m-PCR reaction to screen 
specific characteristics of three bacterial pathogens {Listeria monocytogenes, 
Salmonella typhimurium and Staphylococcus aureus) simultaneously. The 
concentration of 2.5 mM MgCh, 0.4 mM dNTPs, and 10 pmol of each primer were 
used to give optimal results. 
After completion of reaction cycles, the PCR products were electrophorased on 
1.5%o agarose which showed clear bands at 163 bp, 234 bp and 270 bp (Fig. 58). The 
standardized m-PCR assay directed to hlyA, nuc and oriC gene was examined by 
using DNA from other closely related bacterial organisms of the respective genera (as 
depicted in table Ml) for specificity determination of the assay. No product was 
detected from other bacterial strain after amplification in this m-PCR assay 
specifically designed fori, monocytogenes, S. typhimurium and S. aureus (Fig. 59). 
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Fig. 46: Sensitivit) of Itip'O' gene (735 bp) assay in spiked 
beef samples for C. jejuni (MTCC 11168) detection 
using PCR 
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Fig. 47: Sensitivity ofhip'O' gene (735 bp) assay in spilied milli 
samples for C. jejuni (MTCC 11168) deteetion using 
PCR 
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Fig. 48: Sensitivity ofhIyA gene (234 bp) assay in spiked beef 
samples for L monocytogenes (MTCC 657) deteetion 
using PCR 
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ig. 49: Sensitivity ofhfyA gene (234 bp) assay in spiked milk 
samples for L monocytogenes (MTCC 657) detection 
using PCR 
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Fig. 50: Sensitivity ofinvA gene (389 bp) assay in spiked beef 
samples for Salmonella spp. (E 2094) detection using 
PCR 
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Fig. 51: Sensitivity ofinvA gene (389 bp) assay in spiked milk 
samples for Salmonella enteritidis (E 2094) detection 
using P(;R 
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Fig. 52: Sensitivity of seA gene (120 bp) assay in spiked beef 
samples for 5. aureus (V1TCC 1145) detection using 
PCR 
Lane M 
Lane 1 
Lane 2 
Lane 3 
Lane 4 
Lane 5 
Lane 6 
Lane 7 
Lane 8 
Lane 9 
100 bpDNA ladder 
lO'clli/ml 
lO'cfii/ml 
lO'cfti/ml 
lO'cfii/ml 
lO'cfti/ml 
lO'cfti/ml 
lO^cfti/ml 
lOcfti/ml 
1 cfu/ml 
Fig. 53: Sensitivity of sM gene (120 bp) assay in spiked beef 
samples for 5. aureus (MTCC 1145) detection using 
PCR 
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Fig. 54: Sensitivity of vt,^ene (349 bp) assay in spilled beef 
samples for VTFX (19K) detection using PCR 
Fig. 55: Sensitivity of vt,gtne (349 bp) assay in spilled milk 
samples for VTEC (19K) detection using PCR 
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Fig. 56: Sensitivity of rt>gene (478 bp) assay in spiked beef 
samples for VTEC (K 113) detection using PCR 
Fig. 57: Sensitivity of vf^gene (478 bp) assay in spiked beef 
samples for VTE(' (K 113) detection using PCR 
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Fig. 58: Standardization of multiplex PCR assay targeting oriC (S. Typhimurium, 163 bp), 
nuc (S. aureus, 270 bp) and LLO (L monocytogenes, 234 bp gene 
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Fig. 59: Specificity of multiplex PCR assay targeting oriC (S. typhimurium, 163 bp), 
nuc (S. aureus, 270 bp) and LLO (L. monocytogenes, 234 bp gene 
LaneM : 100 bp DN A ladder 
Lane 1 : S. aureus (MTCC 1145), /.. monocytogenes (MTCC 657) 
& 5. typhimurium (MTCC 98) 
Lane 2 : S. epidermidis (MTCC 1126), L ivanovii (NCTC 
11846) & S. typhimurium (MTCC 98) 
Lane 3 : S. epidermidis ( MlCC 1126), L. inoccua (NCTC 
Lane 4 11288) & S. enteritidis (MTCC E2094) 
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Fig. 60: Sensitivity of multiplex PCR in spiked beef samples 
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Fig. 61: Sensitivity of multiplex PCR in spiked cheese samples 
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Fig. 62: Sensitivity of multiplex PCR in spiked raw milk samples 
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The sensitivity of standardized m-PCR assay was evaluated with heat lysed 
DNA from beef, cheese and raw milk samples spiked with 10 fold serially diluted 
cultures of Listeria monocytogenes, Salmonella typhimurium and Staphylococcus 
aureus. The minimum level of 10 cfu/ml was detected in all food samples examined 
(Fig. 60-62). 
4.9 Antibiotic resistance of isolates 
A total of 119 randomly selected isolates of C. jejuni, L. monocytogenes, 
Salmonella spp., S. aureus and Verotoxic E. coli from total PCR confirmed isolates 
(183) obtained were examined for their antibiotic resistance pattern against various 
antibiotics. The results obtained are depicted in table 14 to 19. 
A high incidence of antibiotics resistance among isolated strains to individual 
antibiotics indicated resistance to most common antibiotics tested. The C. jejuni 
isolates (30) from various food sources (5 from beef, 8 from fish meat, 16 from raw 
chicken and one from raw milk) were examined against 9 antibiotics. Overall, the 
resistance against cephalothin was highest (86.6%) followed by co-trimoxazole 
(73.3%), chloramphenicol and tetracycline (60.0% each), erythromycin (13.3%), 
ciprofloxacin and gentamycin (3.3% each). No resistance was observed against 
azithromycin and nalidixic acid (Table 15). . 
Similarly, resistance against 8 antibiotics was also observed among L. 
monocytogenes. Relatively low incidence of resistance was recorded being maximum 
(30%) for penicillin followed by chloramphenicol and tetracycline (20% against each) 
and 10% against each of five antibiotics (ampicillin, cephalothin, ciprofloxacin, 
gentamycin and trimethoprim) as shown in table 16. 
Overall, thirty (30) Salmonella isolates were examined against 8 antibiotics. 
The results revealed that 10 (33.3%) isolates were resistant to ampicillin and 
cephalexin each. Among all the Salmonella isolates ciprofloxacin was found 
resistance to 6 (20.0%) whereas tetracycline to 5 (16.6%) isolates (Fig. 63). In our 
results, it was also found that no Salmonella isolate was resistant to the 
chloramphenicol, gentamycin. nalidixic acid and streptomycin (Table 17). 
The highest resistance to penicillin (44.4%) and than streptomycin and 
ampicillin (27.5% each) was observed among 29 S. aureus isolates screened. The 
close resistances of 17.2%, 13.7% and 10.9% were observed against lincomycin, 
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Table 14: Resistance (%) of various bacterial pathogens to various antibiotics included 
in this study. 
S. No. Bacteria 
1. C. jejuni 
2. L. monocytogenes 
3. Salmonella spp. 
4. 5. aureus 
5. Verotoxic E. coli 
Antibiotic used 
Azilhromycin (15 ^g) 
Cephalothin (30 ng) 
Chloramphenicol (30 \.\.g) 
Ciprofloxacin (10 )ig) 
Co - trimoxazole (25 |ag) 
Erythromycin (15 \ig} 
Gentamycin (10 (,ig) 
Nalidixic acid (30 jag) 
Tetracycline (25 ng) 
Ampicillin (10 ^g) 
Cephalothin (30 \ig) 
Chloramphenicol (30 |xg) 
Ciprofloxacin (10 ng) 
Gentamycin (10 ng) 
Penicillin G (10 units) 
Trimethoprim (5 )ag) 
Tetracycline (25 ng) 
Ampicillin (10 |ig) 
Cephalexin (100 ng) 
Chloramphenicol (30 ng) 
Ciprofloxacin (\0 \ig) 
Gentamycin (10 |ig) 
Nalidixic acid (30 |jg ) 
Streptomycin (10 |ig) 
Tetracycline (25 ng) 
Ampicillin (10 \ig) 
Chloramphenicol (30 \ig) 
Erythromycin (15 |ig) 
Kanamycin (30 \ig) 
Lincomycin (2 \ig) 
Penicillin G (10 units) 
Streptomycin (10 )ig) 
Ampicillin (10 ^g) 
Cephalexin (100 jig) 
Co - trimoxazole (Ct) 
Gentamycin (10 )ig) 
Nalidixic acid (30 \ig) 
Norfloxacin (30 |ig) 
Streptomycin (10 |ig) 
Tetracycline (25 |ig) 
Resistance (%) 
0.0 
86.6 
60.0 
3.3 
73.3 
13.3 
3.3 
0.0 
60.0 
10.0 
10.0 
20.0 
10.0 
10.0 
30.0 
10.0 
20.0 
33.3 
33.3 
0.0 
20.0 
0.0 
0.0 
0.0 
16.6 
27.5 
3.4 
10.3 
13.7 
17.2 
44.8 
27.5 
80.0 
30.0 
20.0 
25.0 
80.0 
20.0 
60.0 
35.0 
Table 15: Antibiotic resistance profile of C. jejuni isolates. 
Isolate designation 
FCBJ- 121.CCB,l-23 
CCBJ - 15 
FCBJ -59, CCBJ - 143. MCBJ - 77 
FCBJ-18. CCBJ-44 
FCB,I - 44 
BCBJ - 22 
CCBJ - 147 
BCBJ-39 CCBJ-6 CCBJ- 10 
CCBJ - 46, CCBJ - 47 
CCBJ - 84 
BCBJ-13 FCBJ-63 FCBJ-163 
FCBJ- 167 CCBJ-9 CCBJ-75 
CCBJ-76 CCBJ- 146 
BCBJ-7 FCBJ- 17 CCBJ-144 
BCBJ-21 
CCBJ - 79 
Antibiotic resistance 
profile 
Ch 
Cl 
Ch, Cl 
Ch, Ct 
Cl, T 
Ch, T 
Ct,T 
Ch, Ct, T 
Cl. Ct. T 
Ch, Cl, Ct, T 
Ch, CL Ct, Er 
Ch, Cl, Ct, Er 
Ch. Cl, Ct; Ct, G 
Resistant to 
antibiotics 
(numbers) 
1 
1 
2 
2 
2 
2 
2 
3 
3 
4 
4 
4 
5 
Ch- Cephalolhin, Cl- Chloramphenicol, Cf- Ciprofloxacin, Ct- Co-trimoxazole, 
Er- Erythromycin, G- Gentamycin. T- Tetracycline. 
Table 16: Antibiotic resistance profile of L. monocytogenes isolates. 
Antibiotic resistance Resistant to 
Isolate designation profile antibiotics 
(numbers) 
" B L M - 3 , B L M - 1 7 , B L M - 2 0 Cii 1 
FLM-13 Am, G 2 
lVILM-47, CULM- 19 Cl, P, T 3 
FLlVl-21 Cr, P, Tm 3 
FLM - 44, CLM - 2. CLM - 5 -*_ -
-* either sensitive/moderate resistant to antibiotics used. 
Am- Ampicillin, Ch- Cephalolhin, Cl- Chloramphenicol, Cf- Ciprofloxacin, P- Penicillin G, 
T~ Tetracycline, Tm- Trimethoprim. 
Table 17 : Antibiotic resistance profile of Salmonella isolates. 
Antibiotic resistance Resistant to 
Isolate No. profile Antibiotics 
(numbers) 
"l^S ^ 7, B S - 24. FS - 88, FS - 89, ~* '-
FS - 117, FS - 120, FS - 121, FS - 130, 
FS-134, FS-141.FS-146, 
C S - 16, C S - 19, C S - 140. 
M S - 1 , MS-27 
FS-3 ,CS-141 ,MS-53 
F S - 9 
MS - 56 
F S - l l , F S - 9 5 , CS-44 
FS-127 
FS-135 
FS-141 
FS-146 
MS-131 
CS-
CS 
14, 
- 148, 
Am, Cp 
Am. T 
Cp, Cf 
Am, Cp, Cf 
Am, Cp, T 
Cp. Cf, T 
Am, Cp,Cf 
Am, Cp, T 
Am. Cf, T 
2 
2 
2 
3 
3 
3 
3 
3 
3 
-* either sensilive/intermediate to antibiotics used. 
Am- Ampicillin, Cp- Cephalexin, Cl- Chloramphenicol, Cf- Ciprofloxacin, T- Tetracycline 
Table 18: Antibiotic sensitivity profile of iS. aureus isolates. 
Isolate No. 
CSA-39 
FSA - 78 
FSA-169 
B S A - l l j 
BSA--5 
FSA - 24 
FSA - 42, 
MSA-49 
FSA-23 
MSA-103 
FSA-46 
MSA-63 
FSA-76 
MSA - 7 
FSA - 21, 
FSA-128, 
FSA - 173 
MSA-83, 
MSA-126 
CSA-
FSA-
FSA -
FSA-: 
, MSA 
MSA-
i. MSA 
108 
122, 
~ 84. 
166. 
- 4 , 
-99. 
FSA-
FSA-
MSA 
-132 
170. 
126. 
- 6 1 . 
Antibiotic resistance 
profile 
E 
S 
P 
Am, P 
K. L 
Am, L 
P, S 
Am, P, S 
L,P, S 
Am, CI, E, P 
Am, E, K, P 
Am, K, L, P 
Am. K. L, P, S 
.* 
Resistant to 
antibiotics 
(numbers) 
1 
1 
1 
2 
2 
2 
3 
3 
4 
4 
4 
5 
-
-* either sensitive/intermediate to antibiotics used. 
Am- Ampicillin. CI- Cliloramphenicol, E- Erythromycin, K- Kanamycin, L- Lincomycin, 
S- Streptomycin. 
Table 19: Antibiotic resistance profile of VTEC isolates. 
Isolate No. 
MEC-41 
MEC-38 
CEC-32 
MEC-1 
BEC-11 
BEC-7 
FEC-30 
FEC-26. CEC-26 
BEC-9, MEC-34 
CEC-12 
BEC-21 
BEC-19 
MEC-9 
CEC-31 
BEC-14 
BEC-16 
BEC-17, BEC-22 
Antibiotic resistance 
profile 
Am, Na 
Am, T 
Na. S 
Am, Cp, Na 
Am, Na, S 
Am, Ct. Na, S 
Am, Cp, Ct, S 
Am, G, Na, S 
Am, T, Na, S 
Am, Cp, Na. S 
Am, G. Na, S, T 
Am, Ct, Na, S, T 
Cp, Ct, G, Na, Nf 
Am, Ct, Na, Nf, T 
Am.Cp. Na, Nf, S 
Am, Cp, T, G, Na, Nf 
Sensitive to all antibiotic tested 
Resistant to 
antibiotics 
(numbers) 
2 
2 
2 
3 
5 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
6 
Sensitive 
-* either sensitive/moderate resistant to antibiotics used. 
Am- Ampicillin, Cp- Cephalexin, Ct- Co-timoxazol, G- Gentamycin. Na- Nalidixic acid, 
Nf- Norfloxacin- S- Streptomycin. T- Tetracycline. 
kanamycin and erythromycin respectively. Chloramphenicol was observed as most 
effective antibiotic against tested isolates to which only 3.4% resistance was noticed 
(Table 18). 
The screening of resistance among twenty 20 Verotoxic E. coli (9 beef, 2 fish 
meat, 4 raw chicken and 5 raw milk) against 8 antibiotics found highly resistant to 
ampicillin and nalidixic acid (80.0% each) and streptomycin (60.0%) followed by 
tetracycline (35.0%), cephalexin (30.0%), gentamycin (25.0%), co-trimoxazole and 
norfloxacin (20.0%) each) (Table 20). As expected the higher frequency of multiple 
drug resistance was observed among VTEC isolates whereas yet the norfloxacin was 
found most effective antibiotic against VTEC isolates followed by gentamycin (Fig. 
63). 
In this study, multiple drug resistance (resistance to >3 antibiotics) was 
observed among 15 (75.0%) VTEC, 19 (63.3%) C. jejuni, 07 (23.3%) Salmonella, 05 
(17.2%) S. aureus and 3 (3.3%) L. monocytogenes isolates (Table 14 to 19). 
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Fig. 63: Resistance of various isolates of C. jejuni, L. monocytogenes, Salmonella spp., 
S. aureus and VTEC to various antibiotics. 
Discussions 
The spectrum of food borne pathogens includes a variety of enteric bacteria 
(aerobes and anaerobes) that causes diseases (Tauxe, 2002). However, data are only 
available for confirmed cases, and it is generally accepted in the scientific community 
that the true incidence of food borne disease is underreported, especially in 
developing countries, h is estimated that from 13.8 million cases of food borne illness 
due to known agents roughly 30% are caused by bacteria (Mead et al., 1999). From 
theses bacterial cases in 60% required hospitalization (Mead et al., 1999). About 2.2 
million people die due to diarrhoeal related illnesses annually including 1.9 million 
children throughout the world. It is suspected that food or water is the vehicle for 
many of these illnesses. However, the international impact of food borne illness is 
difficult to estimate because of under-reporting (WHO, 2010).Thus early detection for 
the presence of pathogenic bacteria in food and food products is pre-requisite to 
develop preventive measure to minimize food borne illness and morbidity. 
The traditional way of detecting and identifying bacteria from food, or other 
samples, is based on homogenization, enrichment, culturing, enumeration, and 
isolation of presumptive colonies for further characterization. The enrichment of the 
bacteria in a food sample can be performed by a non-selective or selective broth 
culture or by the selective agar overlay technique (Hakovirta, 2008). The technique is 
tedious, time consuming and require classical microbial taxonomic expertise. 
However, molecular methods based on the detection of 16S rRNA gene analysis 
and/or detection of presence of specific gene (s) by PCR have been widely accepted 
method for quick detection and identification of pathogenic bacteria such as C. jejuni. 
L. monocytogenes, Salmonella, S. aureus and Verotoxic E. coli (El-Jakee et al., 2012; 
Yadav et al., 2010; Abd El-Ghani et al., 2012; Liepina and Jameljanovs, 2012; Rahimi 
etal.,2012). 
The PCR studies have mostly been carried out to confirm the identity of 
isolate(s) from natural cases or to rapidly detect the pathogen(s) in spiked food 
samples. However, the results obtained have very rarely been analyzed in the context 
of incidence or prevalence of pathogens especially in developing countries including 
India. In the present study, various aspects related to PCR based detection of C. jejuni, 
L. monocytogenes, Salmonella spp., S. aureus and Verotoxic E. coli were investigated 
and the specificity and sensitivity of PCR assay were studied. 
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5.1. Isolation and biochemical characterization of bacterial pathogens 
The bacteria] pathogens viz. C. jejuni, L. monocytogenes, Salmonella spp., S. 
aureus and Verotoxic E. coli isolated and characterized on the basis of cuhural and 
biochemical characteristics as recommended by USFDA (1998). The results followed 
as per Bergey (1994) whereas the selected biochemical assay performed as per 
Cruickshank et al. (1975). The above scheme used for the isolation and identification 
of these bacterial pathogens was found satisfactory. 
Cytotoxic activities of CFCS from all biochemically characterized 79 isolates 
of E. coli were examined. Microscopically, the cytopathic effect (CPE) on the cells 
was started by rounding up. The analysis revealed that only 20 E. coli isolates showed 
a cytopathic effect on Vero cells. Therefore, again supports the fact that the detection 
of profound cytotoxicity of Verotoxin to Vero cells remains the 'gold standard' for 
confirmation of putative Verotoxin producing isolates (Wani et al., 2004). All these 
isolates were found positive in PCR assay also. The results of Vero cell cytotoxicity 
assay were comparable to that reported by others workers (Wani et al., 2004; Akter et 
al, 2005; Al-Charrakh and Al-Muhana, 2010; Pierard et al., 2012). 
The serotypes 03, 041, 073, OlOl, 0159 and 0172 were recovered in this 
study. These serotypes have been reported from various food and animal sources by 
various researchers (Bachhil, 1985; Singh et al., 1996a; Nanu et al., 2005; Baruah et 
al.. 2005; Blanco et al., 2006). None of any E. coli of 0157 serotype could be isolated 
from any food source. The absence of this serotype has been also reported by other 
workers (Khan et al., 2002; Bhong et al., 2008). 
5.2 Bacterial contamination among food samples 
Food borne illnesses are resulting from the consumption of contaminated food. 
The pathogenic bacteria are one of the major causative agents of the food borne 
illnesses and may enter in food due to improper handling, preparation and food 
storage. In this study, various food samples viz. raw meat, raw milk and milk products 
were assessed to determine the level of microbial contamination and detection of 
bacterial pathogens. 
Food Security Standard of India (FSSAI) has limits the microbial contaminants 
in various food products including meat, milk and milk products. According to which 
the total aerobic plate count (TAPC) value should not be more than log 3.0 in meat 
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samples (FSSAL 2011). However in this study, all meat samples screened found 
count much more than log 3.0. 
In the other view as per Raw Meat Grading and Marketing Rules, 60% of the 
samples tested should have aerobic plate count not more than log 6.0 g"', whereas 
40% of the samples can show a count up to log 7.0 g'' (Joshi, 1994). However, in this 
study, 73.5%) of the beef samples showed aerobic plate counts more than log 6.0 g" 
whereas 27.9%) and 35.4.0% samples from fish meat and raw chicken respectively 
showed count above the acceptable limit range. Interestingly, in this study, the detail 
TAPC counts revealed that count of more than log 5.5 cfu g"' to log 6.0 cfu g"' 
showed by 14.7% samples from beef, 52.9% samples from fish meat samples and 
41.9% samples from raw chicken which is at the close of marginally accepted limits. 
On comparative basis beef and raw chicken samples were poor in 
microbiological quality in term of bacterial contamination, as compare to fish meat 
samples. In this study, the total aerobic plate count for various meat samples found 
log 3.0 to log 7.8 cfu g' . Our findings were in close agreement with reports of other 
investigators who reported the count between log 4.5-8.0 cfu g'' (Mukhopadhyay et 
al., 1998; Murray et al., 2001; Raji 2006; Yousuf et al., 2008; Mukhopadhyay et al.. 
2009; Saikia and Joshi, 2010) 
As per FAO WHO, Codex standard (2000) guideline, the permissible limit for 
total viable count in raw milk is log 5.0 (10'^  cfu ml"'). The TAPC counts were found 
in under the permissible limits with the maximum value of log 4.9. The study found in 
close concord with the some other earlier related studies (Nanu et al., 2007; El-Diasty 
and El-iCaseh, 2008; Grace et al., 2009; Lingathurai et al., 2010). 
The presence of L. monocytogenes, S. aureus and E. coli is not permissible in 
per gram 25 gram of meat (FSSAI, 2011). However in our study estimated load of log 
1.0 to log 3.8, log for L. monocytogenes and S. aureus both while log 1.5 to log 3.8 
for E. coli. 
During the screening of various meat samples to check the contamination level 
of L. monocytogenes the counts of log 1.0 to 2.9 were obtained from beef Among 
fish meat samples the nearly similar contamination of the pathogen was estimated. In 
raw chicken samples the listerial contamination was occurred in between log 1.7 to 
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3.8. Earlier studies also determined the closely similar values for this bacterial 
pathogens from raw chicken (Scotter et al., 2001). 
In the present study, the Campylobacter counts of log 1.0 to 2.8, log 2.0 to 3.6 
and log 1.5 to 5.8 were obtained from beef, fish meat and raw chicken respectively. 
Our results were closely resembled with the earlier investigations on Campylobacter 
presence in these food sources (Wonglumsom et al., 2001; Kathrin et al., 2006; Luber 
and Baltelt, 2007; Sampers et al., 2008).The ingestion of relatively low numbers 
(approximately 800 cells or log 2.9) of Campylobacter is required to cause human 
disease (Stern and Pretanik, 2006). In our study, ma.)ority of the samples showed the 
count more than log 2.0 to log 5.0. Thus consumers are on high risk with 
Campylobacter associated disease. It is reported earlier that contamination with 
substantial concentrations of Campylobacter that resides intestinal tract of the warm 
blooded animals can occur and the organisms can not grow at room temperature 
(Stern and Pretanik, 2006). Therefore it also support that contamination of 
Campvlobacter obtained in this study was as a result of poor hygienic condition. 
The level of S. aureus contamination was also found in considerable range. 
From beef samples it was obtained in between log 1.4 to 3.6. Similarly from the fish 
meat and raw chicken samples it was observed from log 1.7 to 3.6 and log 1.6 to 3.8 
respectively. In our study, the higher range of the bacteria from milk samples was also 
observed. The close similar contamination of S. aureus from beef, fish meat and raw 
chicken also has been noticed (Islam et al., 2006; Rindhe et al., 2008; Adzitey et al., 
2011; Prabhakaran et al., 2011; Wilfred Ruban and Fairoze, 2011). The higher level 
of contamination has been noticed due to poor personnel hygiene and method used for 
slaughtering of the animal (Wilfred Ruban and Fairoze, 2011). 
The total coliform count from all meat sources revealed that the majority of 
samples analysed showed count between log 3.0 to log 3.9 cfu g' . These findings can 
co-relate with previous studies in which various coliform count were shown from the 
similar food sources (Arain et al., 2010; Kumar et al., 2012). Coliform count in most 
of the meat samples exceeds the recommendations of BIS (> 100 coliform g"') (Faloa 
et al., 2011) except from 6 (8.8%) sample from fish meat and 44 (47.3%) from raw 
chicken. Hence, most of the meat samples from the studied area showed the presence 
of coliform more than permissible range. 
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The E. coli count was maximum (log 3.9) in raw milk samples whereas slight 
lower counts were found in raw chicken (log 3.8) and beef (log 3.6) samples. 
However fish meat showed lower value of log 3.0. The lowest count was found log 
1.8 from all meat samples whereas raw milk showed minimum contamination of log 
2.8. In our study, E. coli contamination was ranged in between log 1.5 to 3.9. Such 
level of contamination of E. coli from meat and milk samples has been reported by 
various investigators (Islam et al., 2006; Yadav et al., 2006; Lingathurai et al., 2010; 
Prabhakaran et al., 2011). 
The presence of E. coli and other coliforms immediately after production is an 
indication of presence of faecal contamination which is from the water used for the 
washing of the samples, human contamination by handlers. The presence of S. aureus 
may be explained by the fact that human beings, that is, processors carry these 
organisms on or inside the several parts of their bodies. This can be introduced into 
the fresh meat/water during handling and processing. On the other hand Listeria and 
Salmonella contamination in milk may due to direct contact with contaminated 
sources in the dairy farm environment and excretion from the udder of an infected 
animal, (El Zubeir et al. 2006). Water and the environment may have played major 
role in contamination of the meat and raw milk samples, especially during washing of 
the carcasses and milk collecting containers (Okonko et al., 2010; Batool et al., 2012). 
The acceptable limit for coliform is log 1.0 (10 cfu ml"') from raw milk 
whereas no E. coli should be present in raw milk (FAO WHO, Codex standard, 2000). 
Thus in the present study, all milk samples were showing the presence of coliforms 
more than log 1.0 which is unacceptable. The E. coli count from the milk samples 
accounted from log 2.8 to 3.9. Therefore, all the milk samples from the studied area 
were evident with beyond acceptable limit of these organisms. 
Therefore, the results obtained in this study indicate that a significant amount 
of unsafe food is regularly consuming by the population. This is probably first detail 
investigation on prevalence of food borne pathogens in studied area creating risk of 
food borne infections. 
5.3 Standardization of PCR 
The biochemically characterized isolates of C. jejuni, L. monocytogenes, 
Salmonella, S. aureus and E. coli were further characterized by PCR. To identify 
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presumptively typed C. jejuni. L. monocytogenes, Salmonella, S. aureus and 
Verotoxic E. coli several studies have been conducted to investigate the distribution 
of these bacterial pathogens in various food sources by PCR (Malomy et al., 2003; 
McKee, 2003; Paszkowska et al, 2005; Simmon and Sanjeev, 2007; Sammarco et al.„ 
2010). In the present study, PCR was standardized for the detection of specific marker 
for C. jejuni, L. monocytogenes, Salmonella, S. aureus and Verotoxic E. coli isolated 
from the various food samples. The specificity of various standardized PCR assay was 
also evaluated by using the primers given in table M4 examined with other bacterial 
strains (depicted in table Ml) along with a targeted bacterial strain (C jejuni, L. 
monocytogenes, Salmonella S. aureus and Verotoxic E. coli). None of the other 
bacterial strains except targeted standard bacterial strain generated any detectable 
product. These findings were similar to those reported by previous workers who have 
reported no cross reaction of the respective primers with other bacteria (Wang et al., 
1992; On and Jordan, 2003; Ahmadi et al., 2010). 
Genomic DNA isolation is the first and the most important requirement in 
carrying out molecular biology techniques such as PCR. The technique requires a 
reasonable amount of DNA with good enough quality, fidelity and concentration. 
Therefore, an efficient procedure for DNA extraction is required, combining 
simplicity with high yields of pure DNA suitable for molecular biology studies. In this 
study, standard method of Sambrook and Russell (2001) was adopted for the 
extraction of DNA using pure cultures. This genomic DNA was used as template in 
various PCR assay and investigated whether any false negafive PCR results are 
associated with the extracted DNA. In this study, the high quality DNA (absorbance 
ratio 1.8) with the concentrations of 5.2- 8.0 |ug/ml was recovered. The recovered pure 
genomic DNA was intact from various bacterial species implying its accuracy and 
robustness. 
The heat lysis method as described by Arora et al., (2006) also used 
extensively for the preparation of templates from enriched food samples. These 
templates were used in m-PCR and spiking studies and found to be satisfactory for the 
direct detection of bacterial pathogens without sacrificing the specificity of the assay 
(Amagliani et al,, 2007; Zahraei Salehi et al., 2009; Sowmya et al., 2012). 
The various reference methods followed in this study also used primer 
concentrations of 10-15 pmol. The primer concentrations of 10 pmol used in most of 
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PCR assay standardized under this study and found suitable. The higher concentration 
of primers may lead generation of non specific PCR products. The lower 
concentrations of primers provide inflexibility to the PCR assay and also reduce the 
cost of the assay. A higher concentration of primers (50 pmol) in hip'O' specific PCR 
assay was used. However, no unspecific product was optimized during specificity 
assay. In some protocols also, authors have reported use of higher concentrations of 
primers (Czerny, 1996; Lijima et al., 2004; Sauer et al, 2005). 
5.4 Prevalence of bacterial pathogens in various food samples 
Detection of various pathogenic bacteria indicated above was carried out by 
isolation followed by biochemical and PCR based characterization. 
Campylobacter jejuni; Campylobacter are main cause of human bacterial 
intestinal disease identified in many industrialised countries. Over 80% of cases are 
caused by C. jejuni. In human, C. jejuni infection is associated with acute enteritis and 
abdominal pain lasting for 7 days or more. Although such infections are generally 
self-limiting, complications can arise and may include bacteraemia, reactive arthritis, 
and abortion. The primarily source of C jejuni infections in human is believed to be 
the handling and/or consumption of contaminated meat, especially poultry meat. 
However, contact with pets and livestock, the consumption of contaminated water or 
raw milk and travelling in high prevalence areas are also considered risks factors in 
human disease. The control of Campylobacter in the food chain has now become a 
major target of agencies responsible for food safety world-wide (OIE, 2008). 
In this study, 550 food samples were screened for the presence of C. jejuni. 
The overall prevalence of C jejuni was found to be 13.09% by selective cultural 
method. Of these total 550 samples 0.6% raw milk, 38.6%) raw chicken, 10.0%) beef 
and 4.0% fish meat samples turned out to be positive by cultural method. The hip'O' 
gene encoding N-benzoylglycine-amino-acid amidohydrolase, also known as 
'Hippurate-hydrolase' has been considered as specific marker to distinguish C. jejuni 
from other species of the genus Campylobacter. This marker used for the detection of 
C. jejuni in the present study. Amplification of hip'0' gene has been preferred, due to 
100%) specificity (Stephen et al., 2003). The standardized PCR assay was subjected to 
hip'O'' gene confirmation among 72 C. jejuni isolates. The genomic DNA was 
isolated from a fresh culture of each isolate. The PCR primer set, HIP400F and 
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HIP1134R. specific to the hip'O' gene of C, jejuni was used for further 
characterization of C. jejuni isolates. The assay was positive in 68 (95.7%) C. jejuni 
isolates and suggested ///p'O' gene as suitable marker for the identification of 
hippuricase producing C jejuni. The primer sequence used in this study for the hip'O' 
gene identification has been described in literature earlier and amplification of the 
specific product of 735 bp with these primers from C. jejuni isolates suggested that 
these sequence of hip'O" gene are highly conserved among C. jejuni. When these 
sequences subjected to specificity test these reactions were found satisfactory and 
were specific for the C. jejuni as illustrated in fig. 31. The results revealed that 4 
isolates from raw chicken (CCBJ-18, CCBJ-22, CCBJ-34 and CCBJ -61) did not 
yield specific amplified product for the hip'O' gene during PCR assay. The finding 
can be co-related with the earlier reports that suggested false positive reaction 
obtained in phenotypical assay (On'et al., 2003). The PCR based study found that 
hippurate hydrolysis detection may have overestimated the prevalence of C. jejuni in 
raw chicken by cultural methods. The weak hippurate hydrolysis reactions were 
considered positive, which may have contributed to discrepancy between cultural and 
PCR methods. Inspite these PCR can be very sensitive and specific with appropriate 
genetic sequence design (Nakari et al. 2008). 
The present study revealed that the highest (36.0%) occurrence of the 
hippuricase positive C. jejuni isolates was from the raw chicken followed by beef 
(10%), fish meat (4.0%) and raw milk (0.6%). These results are in agreement with the 
reports of others researchers like some reports indicated wide range (8.2-82.9%) of 
prevalence of C. jejuni in raw chicken (Barua et al., 2003; Stoyanchev, 2004; Menna 
et al., 2005; Salihu et al, 2010; Sammarco et al., 2010). Similarily, in milk and milk 
products varied (0.9- 9.0%) level of prevalence also have been reported (Doyle and 
Roman, 1982; Wegmuller et al., 1993; Whyte et al., 2004; Salihu et al., 2010). 
Sammarco et al., (2010) and Hannon (2008) reported 10-14.8% prevalence of C. 
jejuni in beef 
Campylobacteriosis due to consumption of fish and related products is very 
rare. Also in case-control studies, fish has never been found a risk factor for 
campylobacteriosis (Novotny et al., 2004). However, the presence of this emerging 
bacterial pathogen has been reported by certain investigators. LoewenherzLuning et 
al. (1996) detected a low prevalence of 2.3 % from fish products. Ampofo and Clerk 
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(2010) also reported Campylobacter spp. from fish cultured in organic waste fertilized 
waste. No C. jejuni were found in any of the samples of vacuum-packaged, cold-
smoked, or hot-smoked fish products in Finland (Lyhs et al., 1998). With best of our 
knowledge, in India, no report available on incidence of C. jejuni from fish or fish 
products. Therefore, probably this is first systematic report of C. jejuni incidence in 
fish meat from India. 
Listeria monocytogenes; L. monocytogenes is a gram-positive rod-shaped 
bacterium and has emerged as an important food borne pathogen known to be the 
causative agent of listeriosis. Listeriosis is associated with the highest case fatality 
rate of 30% approximately, unlike infection with other common food borne 
pathogens, such as Salmonella, which rarely results in fatalities (Gouws and 
Liedmann, 2005). Immunocompromised patients, neonates and pregnant women are 
more susceptible to listeriosis. However, the disease can also develop in seemingly 
healthy individuals (Stavru et al, 2011). 
Various virulence factors are known to contribute pathogenicity of L. 
monocytogenes. The most important virulence factor Listeriolysin 0 (LLO), a pore-
forming toxin secreted by the L. monocytogenes used for the detection of this bacterial 
pathogen in the present study. LLO is absolutely required for virulence by L. 
monocytogenes and encoded by hlyk gene. Aznar and Alarcon (2002) also described 
hlyk as most common used gene for the detection of L. monocytogenes. The hlyk 
gene based detection for L monocytogenes has been frequently adopted by various 
investigators (Barbuddhe' et al., 2000; Aznar and Alarcon, 2002; El-Malek et al., 
2011). In this study, 650 food samples comprising beef, fish meat, raw chicken, raw 
milk, curd and cheese were screened for the presence of L. monocytogenes. The 
overall prevalence of L. monocytogenes was found to be 3.8% by selective cultural 
method. The standardized PCR assay was used for detection of presumptively typed 
L. monocytogenes [hlyk gene) isolates. 
A total of 25 L. monocytogenes isolates obtained in this study by cultural 
methods were subjected for standardized /z/y'A' PCR assay. In this study, genomic 
DNA was isolated from a fresh culture of each isolate. The PCR primer set, as 
described by Furrer et a!., (1991) and specific to the ///y'A' gene was used, for the 
characterization of L. monocytogenes isolates. The PCR assay turned out positive in 
all 25 (100%) isolates of Z,. monocytogenes isolated by cultural methods. Thus this 
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gene imparts role as a suitable marker for the identification of haemolytic L. 
monocytogenes. The sequence used in this study for the hly^A' gene identification has 
been described in literature earlier and amplification of the specific product of 234 bp 
with these primers from L. monocytogenes isolates suggested that these primer 
sequence of hly 'A' gene are also highly conserved among L. monocytogenes. The 
fact was also supported by PCR specificity test found specific and satisfactory for the 
detection of Z. monocytogenes illustrated in fig.32. 
Our findings on prevalence of L. monocytogenes among various food samples 
ranged from 1.3-6.0%. The highest (6.0%) occurrence of the L. monocytogenes 
among various meat samples was found in raw chicken followed by fish meat 4.0%) 
and than beef 2.5%>. Among various milk and milk products, curd showed the highest 
(2.0%o) prevalence followed by raw milk (1.3%o). But none of the isolate could be 
found from cheese. 
The above findings are in agreement with the reports of other investigators 
where a wide range of occurrence was communicated in beef (USDA-FSIS, 1999; 
Bohaychuk et al., 2006), raw chicken (Genigeorgis et al, 1989; Bailey et al., 1990b; 
Mahmood et al., 2003; Paszkowska et al., 2005), fish samples (Fuchs and Surendran, 
1989; Karunasagar et al., 1992; Norton et al., 2001), milk and milk products 
(Pastorova et al., 2001; Barbuddhe et al., 1997, 2002; Molla et al.. 2004; Kalorey et 
al., 2008; Saikia and .Joshi. 2010). 
Salmonella spp; Salmonella is leading causes of food borne illness and play an 
important role in global health problem. Even though Salmonella infection is a self 
limiting, the severity of the illness is obvious with severe diarrhoea requires medical 
interventions such as intravenous fluid rehydration. In these cases, where the 
pathogen enters into the bloodstream, i.e. septicaemia or bacteraemia, symptoms 
include high fever, malaise, pain in the thorax and abdomen, chills and anorexia. In 
some patients, long-term effects or sequelae may occur, such as arthritis, 
osteoarthritis, appendicitis, endocarditis or meningitis. Raw poultry and meat products 
remain the principal source of Salmonella in many countries. Eggs, agricultural 
products, processed foods, raw milk and raw milk products and contaminated water 
also have been implicated in human salmonellosis (Fares 2007). 
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The invasion of intestinal epithelium cells is one of the earliest and important 
steps in the pathogenic cycle of the Salmonella spp. The genetic locus, inv, allows 
Salmonella spp. to enter epithelial cells and mv'A' is a member of this locus (Galan et 
al., 1992) that codes for protein in inner membrane of bacteria, which is necessary for 
the invasion into epithelial cells (Darwin and Miller, 1999). The wv'A' gene of 
Salmonella contains sequences unique to this genus and has been proved as a suitable 
PCR target, with potential diagnostic applications (Rahn et al., 1992; Ginocchio, 
1994; Shanumugasamy ct al., 2011). The amplification of this gene now has been 
recognized as an international standard for detection of Salmonella genus (Malorny et 
al, 2003). The inv'^A' gene has been the most frequently targeted gene for primer 
selection in PCR based detection (Gado et al., 2000; Ueda et al., 2000: Chen and 
Griffiths, 2001; Zahraei et al., 2007; Jamshidi et al., 2008; Amini et al., 2010) and has 
been reported in all the scrovars of Salmonella (Galan and Curtis, 1991; Swamy et al., 
1996).Therefore, in this study, PCR was also utilized for rapid identification of 
Salmonella spp from food sources, targeting inv" A' gene virulence marker. 
The various food samples viz. beef, fish meat, raw chickens and raw milk were 
tested for presence of Salmonella spp. by cultural and biochemical methods and then 
isolated presumptive Salmonella were confirmed by mv"A' gene specific PCR assay. 
Genomic DNA was isolated from a fresh culture of each isolate and used in PCR 
assay. The primer sequences (F-GCTGCGCGCGAACGGCGAAG) and (R-
TCCCGGCAGAGTTCCCATT), which amplify a 389-bp fragment within the 
conserved mv"A' gene sequence of Salmonella spp. described by Rahn et al., (1992) 
were used in this study for Salmonella characterization. These sequences have been 
proven to be highly specific for Salmonella spp. These primers produced the 
characteristic 389-bp fragment when tested on 17 different Salmonella serovars. The 
results of the amplification were compared with a positive control represented by an 
"in-house" standard containing 10 5*. enterica serovar Enteritidis or S. enterica 
serovar Typhimurium (Fcrretti et al., 2001). 
The standardized PCR assay was applied for detection of/«v'A' gene isolated 
from various samples. The highest (11.0%) occurrence of the Salmonella spp. 
targeting mv'A' gene was from the fish meat followed by raw chicken , beef and raw 
milk. In this study, all 41 Salmonella isolates characterized biochemically were 
positive for mvA gene b\' standardized PCR. Numerous reports available on incidence 
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of OTv'A' gene in Salmonella spp. are supporting our findings (Hong et al., 2003; 
Rivera-Betancourt et al.. 2004; Karns et al., 2005; Kumar et al., 2008; Jamshidi et al., 
2009; Upadhyay et al, 2010). Hence, our results also favour this gene as suitable 
marker for the identification of Salmonella spp. The primer sequences used in this 
study for the mv'A' gene identification have been described in literature earlier. The 
amplification of the specific product of 389 bp with these primers from Salmonella 
isolates suggested that these sequence of inv 'A' gene are highly conserved among 
Salmonella. The results obtained in this study by using these sequences of primers are 
in agreement with the earlier work described (Malomy et al., 2003). The PCR 
specificity test was found specific and satisfactory for the Salmonella spp. Thus the 
protocol described in this study for Salmonella could detect efficiently to this bacterial 
pathogen as reported earlier in various literatures and validate the PCR reaction 
standardized in this study. 
Staphylococcus aureus'. Enterotoxin-producing S. aureus is the most common 
cause of food borne human illness throughout the world (Fusco et al., 2010) and seA 
is the most common enterotoxin recovered from food poisoning outbreaks (Balaban 
and Rasooly, 2000). In various studies seA has been used as virulence marker to 
detect S. aureus with special concern to enterotoxic strains (Becker et al., 1998; Pinto 
et al., 2005). The primers as described by Johnson et al., (1991) used in this study 
were found suitable for the seA gene detection of enterotoxigenic S. aureus. The 
generation of specific amplified product of 120 bp with these primer pairs in PCR 
reaction suggested that the primer sequence are conserved in seA harbouring S. 
aureus. This makes the gene a suitable marker for the detection seA harbouring 
(enterotoxigenic) isolates. 
In the present study, the overall prevalence of S. aureus in raw milk, raw 
chicken, beef and fish was found to be 18.5% by selective cultural methods. The 
standardized PCR assay was used for detection of seA gene in presumptively typed 
102 isolates of S. aureus. Of theses, 29 isolates of S. aureus were found positive for 
standardized PCR assay targeting seA gene. The highest (7.5%) occurrence of the 
enterotoxin A producing 5". aureus was from the fish meat followed by raw milk 
(6.6%)), beef (4.0%)) and raw chicken (1.3%)). The overall prevalence of these 
enterotoxin A producing .V. aureus in raw milk, raw chicken, beef and fish was found 
to be 5.2%). Similarly, varying levels of prevalence of S. aureus in various food 
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samples also reported by various researchers (Pinto et al., 2005; Hwang et al., 2007; 
Simmon and Sanjeev, 2007; Saikia and Joshi, 2010; El-Saeedy et al., 2010; Sharma et 
al., 2011). 
Verotoxin producing £". coli: VTEC have been associated with human 
diseases ranging from symptoms free carriage to uncomplicated as well as severe 
bloody diarhhoea, haemorrhagic colitis (HC) and haemolytic uraemic syndrome 
(HUS). These are zoonotically important food borne pathogens worldwide and most 
of the cases have shown to be associated with products of bovine origin, including 
ground beef and unpasteurized milk. The ability of VTEC to cause illness in humans 
is related to production of one or more types of related verotoxins (VT) of which VTi, 
and VT2 are important virulence markers and encoded by vt] and vt2 genes (Hazarika 
et al„ 2007). 
Several workers have used PCR with varied degree of detection of Verotoxic 
E. coli from foods targeting specific gene segment. Of these \t] and v/2 have been 
most frequently targeted genes for primer selection in PCR based VTEC detection 
(Blanco et al, 1996; Ramamurthy et al., 2002; Mckee et al., 2003; Shome'et al.. 2005; 
Yadav et al., 2007; Dutta et al, 2011; Rahimi et al., 2012). In the present study, 
26.3% of £. coli isolates were recovered from 300 food samples comprising raw milk, 
raw chicken, beef and fish meat by selective cultural and biochemical methods. The 
genomic DNA was extracted from these isolates and used in PCR assay for VTEC 
confirmation. The primers described by Pal et al., (1999) and Blanco et al., (1996) for 
vt\ and vt2 gene respectively were used in this study for VTEC identification. After 
amplification with these vt] and vt2 primers, the extracted DNA from VTEC isolates 
produced 349-bp and 478 bp fragments. Thus in this study, the PCR amplification 
results and data obtained from Vero cytotoxicity assay suggested that the primers used 
in this study were highly specific. Therefore sequence can be used to detect vero toxin-
virulence-marker. The specificity of the PCR reaction was examined and found 
satisfactory. Thus the protocol described in this study could detect VTEC efficiently 
as reported earlier in various literatures and validate the PCR reaction standardized in 
this study. 
The standardized PCR assay for assessing Vero toxigenic potential of the E. 
coll was used for detection of vt\ and vt2 gene among presumptive Verotoxic E. coli 
isolates. The results revealed that 11 and 09 isolates of E. coli were positive for vt; 
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and vt2, respectively. The highest occurrence (18.0%) of the Verotoxic E. coli isolates 
was from the beef followed by raw chicken (8.0%), fish meat (4.0%)) and raw milk 
(3.3%). Similar close prevalence of VTEC has been reported in beef by other 
investigators (Dhanashree and Mallya, 2008; Bhong et al., 2008). However, in some 
reports varying level of VTEC (0.1% to 54.2%) has been reported (Clarke et al., 1994; 
Pierard et al., 1997; Pradel et al., 2000; Chattopadhyay, 2001; Mora et al., 2007; 
Hussein,'2007; Karama et al., 2008). 
Only 4 VTEC isolates (2 vtu CEC-31, CEC-32 and 2 vt2, CEC-12, CEC-26) 
could be isolated in our investigation from chicken. Some lower prevalences from 
chicken also have been reported by other investigators (Doyle and Schoeni, 1987; 
Samadpour et al., 1994). But Manandhar et al., (1997) and Brooks et al., (2001) didn't 
get any VTEC from chicken meat. In this study, 5 VTEC isolates (2 v//; MEC-1, 
MEC-34 and 3 vtf, MEC-9, MEC-38, MEC-41) were isolated from raw milk. 
Previous reports on VTEC isolation from milk have been traced in the range of 3% to 
40% (McKee et al., 2003; Purushottam et al., 2003). Our investigations in fish meat 
revealed presence of 2 (4.0%)) VTEC isolates. The incidence of VTEC in fish meat 
samples was in agreement with the study of Kumar et al., (2001) reported 3.0-5.0% of 
VTEC incidence from various fishes. Kumar et al., (2001) found about 5% of clams 
and 3%) of fresh sea fish marketed at Mangalore, India, have been detected positive 
for VTEC. 
Among all the samples from all sources the higher incidence of the studied 
bacterial pathogens was noticed with the meat samples. The possible reason behind 
this may be use of chopping board, mincing machine, cleaning cloth and carcasses 
which are usually used in butcher shops and kept for an indefinite period of time. 
Moreover, improper disinfection process adopted to keep these usable hygienically 
safe. Therefore, higher incidence of bacterial pathogens in meat samples could be 
attributed to contamination caused by carcasses, chopping board, mincing machine 
and cleaning cloth, other working surfaces and more human contact (Mahmood et al., 
2003; Bhandare et al., 2009; Iroha et al, 2011; AmazingRibs, 2011). The fish samples 
examined in this study had a considerable source of various bacteria. This could be 
due to various level of contamination of the river or pond water from which the fishes 
were picked (Ampofo and Clerk. 2010). Like in the case of other meat samples, viable 
bacterial cells were isolated in this study from commercial butcher shops, thus further 
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underscoring the fact that these butcher shops may represent a health hazard. The 
lower incidence in raw milk samples can be justified with feeding practices, such as 
the use of spoiled silage, have been suggested to affect seasonal variation in the 
occurrence of bacterial spp. in raw milk. The contamination of faeces of healthy 
animals was related to feeding practices such as feeding spoiled silage (Wagner et al., 
2005). On the other hand, the poor hygienical activities in milking procedure 
potentially introduce contamination in raw milk (Jami et al., 2010). 
It is interesting to note that in this study, the major difference of prevalence 
was occurred in verotoxin genes detection among E. coli and enterotoxin-k gene 
detection among 5". aureus by PCR and from culturally positive isolates during 
screening of various food source for isolation of bacterial pathogens. This may due to 
variations of these genes as in case of Verotoxic strains among E. coli and overthem 
prevalence of verotoxin gene in Verotoxic strains of E. coli may consider for such 
variations. Purushottam et al., (2003) reported even 40-45% incidence of verotoxin 
gene among Verotoxic strains. Similarly, the enterotoxigenic nature of S. aureus not 
only depends on single enterotoxin but also various enterotoxin gene of S. aureus 
strains (Chance, 1996; Mehrotra et al., 2000; Blaiotta et al., 2004). It has also been 
confirmed, that the production of toxins also influenced by various factors likes pH, 
water activity and atmosphere (Bergdoll, 1983; Bergdoll, 1989). The variations in 
prevalence of bacterial pathogen studied hereunder in various food sources may also 
be attributed to difference in methods of sample collection, enrichment broths, 
enrichment methods and incubation steps used. Also prevailing environmental 
conditions in Indian slaughtering and milking procedures and management of animals 
may contribute to the differences in the prevalence rate observed in this study. 
5.5 Cultural and PCR method based detection of bacterial pathogens spiked 
samples 
To determine the efficiency of cultural and PCR methods, the detection of C. 
jejuni. L. monocytogenes, S. enteritidis, S. aureus and Verotoxic E. coli was 
performed in spiked food samples. Analysis revealed that detection of above bacteria 
was observed upto 10 cfu/ml by cultural and PCR method both. However in case of 
C jejuni, the detection at this dilution was found possible by PCR method only. 
Therefore, PCR method was found more efficient during detection of C, jejuni in 
spiked samples. Similarly other investigators have also found PCR more superior than 
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cultural methods in detecting C. jejuni (Singh et al., 2011).The superior efficiency of 
PCR over cultural methods in spiked (artificially inoculated) samples can be justified 
and might have due to small number and slow growth rate of bacteria, sensitivity 
towards various media used contain blood and antibiotics (cephalothin, colistin and 
polymyxin B) and the inability of the tests to detect low-level producers of 
hippuricase (Hani and Chan, 1995; (Mackey, 1999; Baserisalehi et al., 2004; 
Bandekar et al., 2005). Therefore, isolation and enumeration of Campylobacter is 
problematic. 
The heat lysed DNA templates were used in PCR assay during spiking study, 
for the detection of these bacterial pathogens and found to be more efficient than 
cultural methods. Ideally in spiked samples there should be 100% detecfion rate, 
however, in this study some spiked samples were found negative by PCR assay. This 
can be explained in the light of these facts that growth of contaminants may hinder the 
isolation of the desired organisms such as collagen, myoglobin, protienases and 
calcium ions, complex polysaccharides and some polyphenolic substances from plant 
tissues, degradafion chromosomal DNA by the metabolic products of other 
competing bacteria DNA and inhibition of Tag polymerase by high amount of 
proteinous substances contained in the food sample (Widjojoatmodjo et al., 1991; 
Belec et al., 1998; Kim ct al., 2001; Upadhyay et al., 2010). But sfill studies suggested 
that PCR technique may be very useful for rapid sensitive and reliable diagnosis of 
bacterial pathogens from food samples (Wang et al., 1992; O'Grady et al., 2009; 
Beauburn et al., 2012), 
5.6 Multiplex PCR (m-PCR) 
Multiplex PCR which is a modified PCR method introduced and widely 
applied in microbial detection. Multiplex PCR can be used to detect more than one 
organism in a single PCR reaction, simultaneously. The establishment of m-PCR 
protocol is a tedious and time consuming since it needs lengthy optimization 
procedure, however after being established it is rapid and low cost method for 
microbial pathogen detection. The studies are available on m-PCR detection of food 
borne pathogens included pathogenic E. coli (Bottero et al., 2004), C. jejuni and C. 
coli (Sabatkova et al.. 2008), E. coli 0157:H7, Salmonella spp.. S. aureus and L. 
monocytogenes (Park et al.,' 2006), Salmonella, E. coli 0157, Shigella and 
Campylobacter (O'Leary et al., 2009), Salmonella spp., L. monocytogenes and E. coli 
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(Abeer et al., 2012), Staphylococcus aureus, Listeria monocytogenes, Escherichia coli 
0157:H7, Salmonella enieritidis and Shigella flexneri (Chen et al., 2012). 
The m-PCR studies have been adopted as more rapid and reliable for 
commonly encountered food borne pathogens in the reported areas (Kim et al., 2007; 
Kawasaki et al, 2009). Hence, it is necessary to develop m-PCR protocols which 
show compatibility in various kind of samples and should not be influenced by other 
physiological and nutritional parameters of the food samples. In this study, a 
multiplex PCR assay was optimized for the simultaneous detection of Salmonella, S. 
aureus and L. monocytogenes in beef, cheese, raw milk samples. The samples were 
spiked and screened for detection of 3 bacterial pathogens {Listeria monocytogenes. 
Salmonella typhimurium and Staphylococcus aureus simultaneously. 
The sensitivity of multiplex-PCR, using heat lysed DNA was found to be 10 
cfu/ ml which seems protocol very sensitive. However, it is known from studies that 
the quality of DNA extracted from various food samples can have a strong influence 
on the performance of a !'CR assays (VoUenhofer et al., 2006). 
The reference method of Alarcon et al., (2004) described the sensitivity of m-
PCR in beef samples. The minimum level of detection was found to be 5.7, 7.9 and 26 
cfu/ml for L. monocytogenes, Salmonella typhymurium and S. aureus respectively. 
The sensitivities of PCR assay after various enrichment times targeting single of these 
bacteria have been described (Bailey 1998; Vollenhofer-Schrumpf et al. 2003; 
Amagliani et al., 2007; Sowmya et al., 2012). Thus, depending on the respective 
sample type, the practical detection limit of the assay might be variable because of the 
amount of DNA, substances present in the extracted DNA and presence of DNA from 
competing bacteria that influence the amplification reaction in an unpredictable 
manner. 
In summary, wc liave applied m-PCR assay systems for the detection of three 
important pathogenic bacteria I. monocytogenes, Salmonella typhymurium and S. 
aureus. Detection of 10 cells/ml of the respective bacterial pathogen in various food 
samples is possible alter 18 h enrichment, directly from the pre-enrichment broth, 
applying a simple heal lysed DNA extraction procedure which has been described 
suitable for all media and used in several PCR studies (Amagliani et al., 2007; 
Hemashenpagam et al.. 2009; Amini et al, 2010; Niveditha et al., 2012; Singh et al.. 
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2012). In spite of the simple DNA extraction procedure, the assay saves the 
identification time at least 3-4 days required by conventional cultural methods. 
Therefore, the assay described here could be a valuable tool for quality control in the 
food industry. No extra complex or costly equipment beyond the PCR technology for 
evaluation and documentation is required after completion of DNA amplification. 
Therefore the assay can also be applied in a "low-tech" environment. 
5.7 Antibiotic resistance among bacterial isolates 
The antimicrobial resistance is neither a new and nor an unexpected 
phenomenon. In fact resistance predates the discovery of new antibiotics and is an 
unavoidable result of the rapid replication and revolution of microbes. In this study, 
totally 119 isolates of C. jejuni, L. monocytogenes, Salmonella spp., S. aureus and 
Verotoxic E. coli from total 183 PCR confirmed isolates were randomly selected and 
examined for their antibiotic sensitivity and resistance pattern. 
In detail, 30 isolates of C. jejuni examined against 9 antibiotics. Azithromycin 
and nalidixic acid found most effective antibiotics against majority of examined 
isolates. In our study, no resistance observed against azithromycin and nalidixic acid. 
Similar resistance to nalidixic acid was also reported earlier (Verma et al., 2005). The 
higher resistance was observed against cephalothin (86.6%), co-trimoxazole (73.3%) 
and chloramphenicol and tetracycline (60%) each). The close similar resistance level 
was also observed few} cars back in India (Nigatu et al., 2007). 
In this study, a considerable resistance of 13.3% against erythromycin was 
observed while erythromycin has considered as drug of choice for Campylobacter 
infections in all over world. The resistance among C. jejuni to this antibiotic has been 
reported. However, reports from India showed quite low resistance to erythromycin 
(Alios et al., 2008). In l!ie present study, a very low resistance (3.3%) was observed 
against ciprofloxacin, llic rate of resistance was quite similar to observed in Pakistan 
(Ali et al., 2003) which was closely resembled to resistance reported from India 
earlier (Alios et al., 2008). Although fluoroquinolone are considered as ahernative 
therapy for Campylobacier infections except children of below age 8 years, however, 
resistance among Campylobacter is emerging in all over the world rapidly. Even 
some high incidences of resistance other than our study have also been reported from 
a few locations, such as 75.0% in Spain (Saenz et al., 2000), 85.9% in Hong Kong 
101 
(Chu et al., 2004), and 77.1% in India (Jain et al., 2005). In 1998, Talhouk et al. 
(1998) reported a considerably lower level of ciprofloxacin resistance (39.0 %) in 
Lebanon among strains of human and animal origin. Few years back, in Kuwait, 53% 
of ciprofloxacin resistance among Campylobacter isolates observed (Albert et al., 
2005). The some difference of resistance in our study from others may be because of 
comparative smaller size of screened isolates. Therefore, there is need of serious 
consideration to pose the raise in resistance against these important antibiotics 
recommended in Campylobacter infections. 
This study also revealed the antibiotic resistance pattern of 10 isolates of L. 
monocytogenes against 8 antibiotics. In our study, majority of isolates from meat 
sources were susceptible to chloramphenicol. Overall, a lower resistance (10%) 
observed against each antibiotics viz. ampicillin, cephalothin, ciprofloxacin, 
gentamycin and trimethoprim. In our observations, isolates have shown a higher 
susceptibility towards cephalothin. The drug of choice for treating listeriosis is 
ampicillin or penicillin G combined with an aminoglycoside, classically gentamicin. 
The combination of trimethoprim with a sulfonamide, such as sulfamethoxazole in co-
trimoxazole, is considered to be a second choice of therapy in listeriosis (Charpentier 
and Courvalin 1999). Morobe et al., (2009) also reported higher resistance (15.0% to 
42.0%) among L. monocytogenes isolates towards these antibiotics. In previous other 
findings, Yucel et al., (2005) indicated that the percentage of resistant strains of L. 
monocytogenes was 66%. Aureli et al., (2003) showed in their study that the various 
strains found to be moderately susceptible (49.1%) in poultry and totally (100%)) 
susceptible in meat which was in supports the high rate occurrence of susceptible 
strains found in our study also. The resistance towards the chloramphenicol, 
trimethoprim and tetracycline obtained in this study was in close agreement as 
obtained in India recently (Nayak et al., 2012). From antibiotic resistant pattern it is 
also evaluated that 3 isolates (MLM-47, CULM-19 & FLM-21) showed multidrug 
resistant against 3 antibiotics used in this study. The multiple drug resistant also has 
been reported in India (Vayak et al., 2012; Sharma et al., 2012). As in this study and 
from other studies higlilighted above, it is observed that a considerable resistance 
among L. monocytogenes has been occurred, unfortunately. Therefore antibiotic 
sensitivity pattern of the L. monocytogenes in the present findings indicate the 
presence of multiple drug resistance among L. monocytogenes alarming evidence of 
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the emergence of mulii resistant Listeria strains, pointing to an increase in the 
potential threat to human health posed by this pathogen through the consumption of 
contaminated meat, milk and milk products. 
In case of Salmonella total 30 isolates examined against 8 antibiotics and 
observed that among all the Salmonella isolates resistance against ampicillin and 
cephalexin was highest followed by ciprofloxacin and tetracycline. The 
fluoroquinolones drugs are first choice in Salmonella infections in adults whereas 
third generation cephalosporins widely recommended in children. The earlier drugs 
chloramphenicol, ampicillin and trimethoprim-sulfamethoxazole are occasionally 
used as alternatives (WHO. 2005). Therefore resistance to these important 
antimicrobial drugs of Salmonella as observed in this study is matter of special 
consideration. In contrast of the emerging resistance to fluoroquinolones in 
Salmonella species, scx'cral reports are available describing reduced efficacy of 
fluoroquinolones in treating infections (Swartz, 2002; Molbak, 2005). The antibiotic 
resistant pattern revealed that 8 isolates (FS-11, FS-95, FS-127, FS-135, FS-141, FS-
146, CS, 44 & MS-131) showed multiple drug resistance. The multiple drug 
resistance among Salmonella spp. also has been reported in India (Mandal et al., 
2004; Nagshetty et al., 2009; Barua, 2006). 
The isolates were found to be highly sensitive to chloramphenicol, gentamycin 
and streptomycin follow cd by tetracycline, nalidixic acid, ampicillin, cephalexin and 
ciprofloxacin. Saikia et al., (2002) have also reported the sensifivity oi Salmonella to 
chloramphenicol, gentamycin, nalidixic acid and streptomycin. According to a 
previous report, all Salmonella strains isolated were sensitive to chloramphenicol like 
the pattern found in Indian Salmonella isolates from 1996 to 1999 and 2001. These 
isolates were reported to be 100% chloramphenicol sensitive, with sensifivities as 
high as 79.0% to 87.4°/<) in 2000. The current resistance pattern of chloramphenicol 
found in our study could be attributed to the limited use of this antibiotic (because of 
its toxicity) during the last decade in India (Bhattacharya and Das, 2000; Mandal et 
al., 2004). 
During screening of resistance pattern of 29 S. aureus isolates against 7 
antibiotics it was found chloramphenicol to be most effecfive antibiotic where a few 
isolates showed resistaiu:e to the antibiotics used. On the other side, higher resistance 
showed against penicillin and ampicillin. During antibiotic resistance screening of the 
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S. aureus isolates it was observed that a significant number among tliese isolates 
(20.6%) showed multiple drug resistance (Table 24). The higher resistance of S. 
aureus against ampicillin (51.8%) was also recorded by Albuquerque et al., (2007). 
The antibiotics chloramphenicol, erythromycin and lincomycin showed a 
comparatively lower resistance. Resistance against chloramphenicol, erythromycin, 
gentamycin and kanamycin was also reported by Srinivasakumar and Rajashekhar 
(2009). Sumathi et al, (2008) also reported resistance of chloramphenicol, penicillin 
and streptomycin. 
The treatment oi" choice for S. aureus infection is penicillin although in most 
countries, penicillin resistance is extremely common now and around 90% of 5" 
aureus are penicillin resistant. Similarly ampicillin also called as broad spectrum 
antibiotic commonly used in S. aureus infections. The resistance among 5*. aureus to 
beta (P) lactams antibioiics is not a new phenomenon (Hiramatsu, 2001; Saha et al., 
2008). In our studies, the highest resistance was obtained against these antibiotics. 
The occurrence of higher resistance to beta ((3) lactam antibiotics among S. aureus 
also supports our findings. The other antibiotics, used such as, gentamicin, 
kanamycin, lincomycin, and streptomycin, are aminoglycoside and frequently are in 
use in combination or alone against staphylococcal infections. The resistance of S. 
aureus towards these antibiotics has been developed in past (Carter et al., 2000). In 
this study,, the isolates showed multiple resistances to antibiotics which have been 
very common among -S". aureus (Sharma 2011; Waters et al, 2011). Therefore the 
resistance pattern obtained in this study confirms that the most of S. aureus has been 
resistant to the beta (P) lactam antibiotics whereas the aminoglycosides still could be 
good choice. However, susceptibility of particular isolate is matter of concern. In 
contrast of multiple resistance to various antibiotics also indicating alarming situation 
towards the S. aureus in lections. 
In this study, 20 isolates of Verotoxic E. coli examined against 8 antibiotics. 
Overall, VTEC isolates found to be highest resistant to ampicillin, nalidixic acid and 
streptomycin followed by tetracycline cephalexin, gentamycin, co-trimoxazole and 
norfloxacin. Our findings were more or less similar to the earlier findings where, 
varying degree of resistance reported for ampicillin, gentamycin, norfloxacin and 
streptomycin (Dubey et al., 2001; Kumari et al, 2002; Hazarika. 2002; Mishra, 2004; 
Yadav et al., 2007; Dhanashree and Mallaya, 2008). Some variations in 
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sensitivity/resistance also observed on the basis of source of isolation of VTEC. This 
may be because of variation in the usage pattern of antibiotics on different farms 
where the raw material was brought for product preparation or may be transfer of 'R' 
factor which also influences the resistant pattern of the isolates (Shome et al., 2005; 
Yadav et al., 2007). The use of antibiotic to treat the VTEC infections has been 
debated (Goldwater and Battelhiem, 2012). There are some reports emphasizing the 
use of certain groups of antimicrobials especially norfloxacin, kanamycin and 
fosfomycin (Kern, 2011: Khan and Nairn, 2011). In the present investigation, too, the 
norfloxacin was found to be the antibiotic against which lowest (20.0%) resistance 
was noticed. Previous studies on antibiotic resistance of VTEC were mostly from 
developed countries and chiefly reported on 0157 VTEC. Almost all those reports 
showed high degree of susceptibility to antibiotics (Battelhiem et al., 2003; Swartz, 
2003). However, some reports have shown an increasing trend in resistance to 
antimicrobial agents as found in our study (Akter et al., 2005; Bouzari et al., 2007) 
which are a matter of grave concern. 
Therefore, in overall, the resistance of these bacterial isolates to specific 
antibiotics or multiple antibiotics could be due to dissemination of antibiotic 
resistance in the environment increasing by the misuse of antibiotics among the 
general population. Veterinary prescription of antimicrobials is also contributing the 
problem of resistance. In North America and Europe, an estimated 50% in tormage of 
all antimicrobial production is used in food producing animals and poultry. Such 
widespread use of antimicrobials for disease control and growth promotion in animals 
has been identified as considerable cause of an increase in resistance in bacteria that 
can spread from animals, often through food, to cause infections in humans such as E. 
coll Salmonella and Campylobacter etc (Manek, 2005; Bisht, 2009). 
The prevalence of resistance among food borne bacterial pathogens has 
increased due to increase in number of food borne infections and the corresponding 
use of antimicrobials also. On the other side, increase in food requirements in 
population has led to the widespread routine use of antimicrobials as growth 
promoters or preventive agents in food producing animals and poultry flocks. Global 
concern over the use and misuse of antimicrobials and subsequent emergence of 
antibiotic resistant microbe has increased during last decade. Constant and irrational 
use of antibiotics in boih veterinary and human medicine, especially in developing 
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countries coupled with current knowledge of transfer of antibiotic resistance among 
various bacteria makes it essential to monitor the susceptibilities of known pathogenic 
bacteria to antibiotics (Okeke and Edelman, 2001; Bisht et al., 2009).The 
environmental eco-social status overcrowding, close association between human and 
animals and poor hygienic conditions in the area of study might have significantly 
contributed role in microbial contamination of food chain in developing countries like 
India. The transmission of theses human pathogens in food chain and indiscriminate 
use of antibiotics might have resulted in increased emergence of resistance to 
common antibiotics used in veterinary and medical (Vila and Pal, 2010). 
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Conclusions 
TH 
Based on extensive investigation of tlie food samples and data obtained in tiie 
present study, the following conclusions are drawn: 
1. The microbial contamination of various food samples are in the order of beef > 
raw chicken > fish meat > raw milk > curd > cheese. In many cases especially 
beef and raw milk samples where the level of contamination was found above the 
standard guideline, indicating poor microbiological quality of the food samples. 
2. The foodborne pathogens under this investigation are more commonly 
encountered in meat cultural methods were found in various frequencies among 
beef (Pathogenic E. coli > S. aureus > C. jejuni > Salmonella spp. > L. 
monocytogenes), fish meat (Pathogenic E. coli > S. aureus > Salmonella spp. > C. 
jejuni and L. monocytogenes), raw chicken (C. jejuni > Pathogenic E. coli > S. 
aureus > Salmonella spp. > L. monocytogenes), raw milk (5*. aureus > Pathogenic 
E. coli and Salmonella spp. > L. monocytogenes > C. jejuni). 
3. The bacterial pathogens were characterized further by standardized PCR method 
targeting specific gene which provided more specific detection and confirmation 
of these bacterial isolate. 
4. The standardized PCR methods were further tested in spiked food samples and 
found effective for the direct detection of these bacterial pathogens. 
5. To find out the PCR method more effective and economical the multiplex PCR 
(m-PCR) was developed with the three bacterial pathogens viz. L. monocytogenes, 
Salmonella typhymurium and S. aureus. Such m-PCR could be effectively used in 
spiked food samples. 
6. Varying incidence of antibiotic resistance against common antibiotics are 
recorded among selected pathogens studied. Multiple drug resistant (MDR) is also 
encountered in several isolates. 
Recommendations: 
Significant bacterial contamination among foods under investigation was found. The 
most probable reason is expected due to poor hygienic conditions and practices 
adopted by food handlers. Therefore, it is suggested that implementation of Good 
Manufacturing practices (GMP) and Good Hygiene Practices (GHP) should be 
ensured to maintain the good quality of foods. 
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Future work plan: 
1. The isolated and characterized bacterial pathogens may be further subjected to 
16S rRNA analysis for final confirmation of pathogen at species level. 
2. The useful data generated from various uniplex PCR and m-PCR assay, in this 
study may be exploited to standardization and development more PCR assay to 
be used in natural food samples for detection of these bacterial pathogens alone 
or simultaneously. 
3. The contribution and role of other virulence factors may be investigated as 
suitable marker. 
4. The linkage between drug resistance and their associated gene may also be 
exploited further. 
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Table Al: Daily consumption of various meat, milk and milk products collected from 
various locations in this study. 
Source Locations 
Consumption 
of various 
foods dailv 
Raw milk Local dairy farm. Partapur, Bareiliy, India. 
Cheese Prince sweets &confectionary, Partapur, Bareiliy, India. 
Curd Prince sweets &confectionary, Partapur, Bareiliy, India. 
Raw chicken Hanif chicken shop, Peer Bahora, Bareiliy, India. 
Beef Sameer meat shop. Peer Bahora, Bareiliy, India. 
Fish meat Open air fish stall. Peer Bahora, Bareiliy. 
Raw milk Kamal confectionary, Rajender Nagar, Bareiliy, India. 
Cheese Kamal confectionary, Rajender Nagar, Bareiliy, India. 
Curd Kamal confectionary, Rajender Nagar, Bareiliy, India. 
Raw chicken Chicken shop, Badi Bihar market, Bareiliy, India. 
Beef Meat shop, Badi Bihar, Bareiliy, India. 
Fish meat Open air fish stall, Badi Bihar, Bareiliy, India. 
Raw milk Indian Veterinary Research Institute (IVRI), Izatnagar. Bareilly,India. 
Cheese Kamal dairy & confectionary. Rajender nagar, Bareiliy. India. 
Curd Kamai dairy & confectionary, Rajender nagar, Bareiliy, India. 
Raw chicken Rehmania meat shop. Dela Peer, Bareiliy, India. 
Fish meat Open air fish stall, Dela Peer, Bareiliy, India. 
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Table A2: Detail of isolate's designation from various sources and samples screened 
for microbiological quality. 
Bacteria Source Designation of Isolates 
C. jejuni Beef BCBJ -7, BCBJ-13, BCBJ-21, BCBJ-22, BCBJ-39, 
Fish meat FCBJ-17, FCBJ-18, FCBJ^4, FCBJ-59, FCBJ-63, 
FCBJ-121, FCBJ-163, FCBJ-167 
Raw chicken CCBJ-6, CCBJ-9, CCBJ-10, CCBJ-15, CCBJ-16, 
CCBJ-18, CCBJ-22, CCBJ-23, CCBJ-24, CCBJ- 25, 
CCBJ-28, CCBJ- 34, CCBJ-37, CCBJ^l , CCBJ-43, 
CCBJ-44, CCBJ-46, CCBJ-47, CCBJ-61, CCBJ-66, 
CCBJ-67, CCBJ-68, CCBJ-70, CCBJ-73, CCBJ-74, 
CCBJ-75, CCBJ-76, CCBJ-79, CCBJ-84, CCBJ-87, 
CCBJ-88, CCBJ-93, CCBJ-95, CCBJ-99, CCBJ-102, 
CCBJ-103, CCBJ-104 CCBJ-108, CCBJ-109,CCBJ-
112, CCBJ-113 CCBJ-114, CCBJ-116,CCBJ-119, 
CCBJ-122, CCBJ-123,CCBJ-127, CCBJ-128,CCB.l-
130, CCBJ-133, CCBJ-134, CCBJ-137, CCB.I-138, 
CCBJ-139, CCBJ-143,CCBJ-144, CCBJ-146, CCBJ-
147 
Raw milk MCBJ-77 
E. coli 
L. monocytogenes 
Beef BEC-1, BEC-2, BEC-7, BEC-8, BEC-9, BEC-10, BEC-
11, BEC-14, BEC-16, BEC-17, BEC-19, BEC-21,BEC-
22, BEC-23, BEC-24, BEC-26, BEC-27, BEC-28. BEC-
Fish meat 29, BEC-33, BEC-42, BEC-44 
FEC-3, FEC-7,FEC-8, FEC-10, FEC-14, FEC-18, FEC-
19, FEC-21, FEC-26, FEC-27, FEC-28, FEC-30, FEC-31, 
Raw chicken FEC-43, FEC-44, FEC-45, FEC-48 
CEC-7, CEC-8, CEC-11, CEC-12, CEC-13, CEC-14, 
CEC-20, CEC-21, CEC-23, CEC-26, CEC-27, CEC-28, 
Raw milk CEC-31, CEC-32, CEC-35, CEC-42, CEC-44, CEC-47 
MEC-1, MEC-4, MEC-8, MEC-9, MEC-23, MEC-25, 
MEC-26, MEC-27, MEC-34, MEC-38, MEC-4L MEC-
56, MEC-58, MEC-77, MEC-108, MEC-111, MEC-112, 
MEC-139, MEC-142, MEC-14, MEC-145 
Beef BLM- 3, BLM-17, BLM-20, BLM-32, BLM-35 
Fish meat FLM- 13, FLM- 21, FLM- 44, FLM- 45, FLM- 73, 
FLM-147, FLM-148, FLM-173 
Raw chicken CLM- 2, CLM-5, CLM- 6, CLM- 19, CLM- 24, CLM-
43, CLM-111, CLM-116, CLM-129 
Raw milk MLM-31, MLM-47 
Curd CULM-19 
Salmonella spp. Beef BS-7, BS-24 
Fish meat FS-3, FS-9, FS-ll, FS-26, FS-44, FS-47, FS-48, FS-73. 
FS-88, FS-89, FS-95, FS-99, FS-117, FS-120, FS-121, 
FS-122, FS-127, FS-130, FS-134, FS-135, FS-141, FS-
146 
Raw chicken CS-14, CS-16, CS-19, CS-44, CS-46, CS-97, CS-107, CS-
139, CS-140, CS-141, CS-146, CS-148 
Raw milk MS-1, MS-27. MS-53, MS-56, MS-131 
S. aureus Beef BSA-1, BSA-4, BSA-5, BSA-11, BSA-12, BSA-14, BSA-
21, BSA-24, BSA-27, BSA-28, BSA-29, BSA-32, BSA-
34, BSA-35, BSA-36, BSA-39, BSA-41, BSA-42 
Fish meat FSA-17, FSA-21, FSA-23, FSA-24, FSA-25, FSA-28, 
FSA-36, FSA-37, FSA-42, FSA-43, FSA-46, FSA-49, 
FSA-51, FSA-56, FSA-57, FSA-71, FSA-76, FSA-78, 
FSA-79, FSA-80, FSA-84, FSA-122, FSA-126, FSA-128, 
FSA-166,FSA-169,FSA-170,FSA-173,FSA-174,FSA-181 
Raw chicken CSA-7, CSA-9, CSA-10, CSA-11, CSA-14, CSA-19, 
CSA-21, CSA-24, CSA-25, CSA-31, CSA-33, CSA-34, 
CSA-38, CSA-39, CSA-40, CSA-44, CSA-57, CSA-63, 
CSA-66, CSA-67, CSA-88, CSA-89, CSA-91, CSA-94, 
CSA-96, CSA-97, CSA-107, CSA-108, CSA-119, CSA-
123,CSA-124,CSA-129 
Raw milk MSA-4, MSA-7, MSA-23, MSA-46, MSA-48, MSA-49, 
MSA-58, MSA-61, MSA-63, MSA-69, MSA-74, MSA-
76, MSA-77, MSA-78, MSA-83, MSA-86, MSA-88, 
MSA-99, MSA-103, MSA-126, MSA-132, MSA-136 
Table A3: Detail of pathogenic E. coli isolates screened for Vero cytotoxicity and 
serotyping studies. 
Bacteria Source Designation of Isolates 
~Kl^i B^^f BEC-1, BEC-2, BEC-7, BEC-8, BEC-9, BEC-10, BEC-11, BEC-14, 
BEC-16, BEC-17, BEC-19, BEC-2l,BEC-22, BEC-23, BEC-24, 
BEC-26, BEC-27, BEC-28, BEC-29, BEC-33, BEC-42, BEC-44 
Fish meat FEC-3, FEC-7,FEC-8, FEC-10, FEC-14, FEC-18, FEC-19, FEC-2K 
FEC-26, FEC-27, FEC-28, FEC-30, FEC-31, FEC-43, FEC-44, FEC-
45, FEC-48 
Raw chicken CEC-7, CEC-8, CEC-11, CEC-12, CEC-13, CEC-14, CEC-20, CEC-
21, CEC-23, CEC-26, CEC-27, CEC-28, CEC-3], CEC-32, CEC-35, 
CEC-42, CEC-44, CEC-47 
Raw milk MEC-1, MEC-4, MEC-8, MEC-9, MEC-23, MEC-25, MEC-26, 
MEC-27, MEC-34, MEC-38, MEC-41, MEC-56, MEC-58, MEC-77, 
MEC-108. MEC-111, MEC-112, MEC-139, MEC-142, MEC-144, 
MEC-145 
Table A4: Antibiotic susceptibility (inhibition zone) interpretative chart as per 
Hi- Media. 
Antibiotics (Potency in fig) 
Ampicillin (10 |.ig) 
Azithromycin (15 (ig) 
Cephalexin (30 |ig) 
Cephalothin (30 |ig) 
Chloramphenicol (30 |.ig) 
Ciprofloxacin (5 ng) 
Co - trimoxazole (25 |ig) 
Erythromycin (15 }xg) 
Gentamycin (10 (ig) 
Kanamycin (30 |.ig) 
Lincomycin (2 |jg) 
Nalidixic acid (10 ^g) 
Norfloxacin (10 |ag) 
Penicillin G (10 units) 
Streptomycin (10 jig) 
Trimethoprim (5 ^g) 
Tetracycline (30 |ig) 
Resistant 
(mm) 
13.1±0.1 
13±0.1 
16±0.1 
14±0.1 
I2±0.1 
15±0.1 
lOiO.l 
13±0.1 
12±0.1 
13±0.1 
9.0±0.1 
13±0.1 
12±0.1 
28±0.1 
lliO.l 
lOiO.l 
14±0.] 
Moderate 
(mm) 
14±0.1-17±0.1 
14±0.1-17±0.1 
17±0.1-36±0.1 
15±0.1-17±0.1 
13±0.1-17±0.1 
16±0.1-20±0.1 
11±0.1-15±0.1 
11±0.1-15±0.1 
14±0.1-22±0.1 
14±0.1-17±0.1 
10±0.1-14±0.1 
14±0.1-18±0.1 
13±0.1-16±0.1 
-
I2±0.1-14±0.I 
11±0.1-15±0.1 
15±0.1-18±0.1 
Sensitive 
(mm) 
ISiO.l 
18±0.1 
37±0.1 
18±0.1 
I8±0.1 
21±0.1 
16±0.1 
23±0.1 
15±0.1 
18±0.1 
15±0.1 
19±0.1 
17±0.1 
28±0.1 
15±0.I 
16±0.1 
19±0.1 
Table A5: Detail of bacterial strains used for antibiotic sensitivity from various 
samples. 
S. No. Bacteria Isolates selected for antibiotic susceptibility 
C. jejuni (30) BCBJ - 7, BCBJ - 13, BCBJ - 21, BCBJ - 22, BCBJ - 39, 
FCBJ - 17, FCBJ - 18, FCB.I - 44, FCBJ - 59, FCBJ - 63, 
FCBJ - 121, FCBJ - 163, FCBJ - 167, CCBJ - 6, CCBJ - 9. 
CCBJ - 10, CCBJ - 15, CCBJ - 23, CCBJ - 44, CCBJ - 46, 
CCBJ - 47, CCBJ - 75, CCBJ - 76, CCBJ - 79, CCBJ - 84, 
CCBJ-143, CCBJ - 144, CCBJ - 146, CCBJ - 147, MCBJ- 77 
2. L. monocytogenes {\Q) CULM - 19, MLM - 47, BLM - 3, BLM - 17, BLM - 20, 
FLM - 13, FLM - 21, FLM - 44, CLM - 2, CLM - 5, 
3. Salmonella spp. (30) MS - 1, MS - 27, MS - 53, MS - 56, MS - 131, CS - 14, CS 
16, CS - 19, CS - 44, CS - 140, CS - 141, CS - 146, CS 
148, FS - 3, FS - 9, FS - 11, FS - 88, FS - 89, FS - 95, FS 
117, FS - 120, FS - 121, FS - 127, FS - 130, FS - 134, FS -
135, FS - 141, FS - 146, BS - 7, BS - 24 
4. S. aureus (29) BSA - 5, BSA - 11, FSA - 21, FSA - 23, FSA - 24, FSA --
42, FSA - 46, FSA - 76, FSA - 78, FSA - 84, FSA - 122, 
FSA - 126, FSA - 128, FSA - 166, FSA - 169, FSA - 170, 
FSA - 173, CSA - 39, CSA - 108, MSA - 4, MSA - 7, MSA 
- 49, MSA - 61, MSA - 63, MSA - 83, MSA - 99, MSA -
103, MSA-126, MSA-132, 
Verotoxic E. coli (20) MEC - 1, MEC-9, MEC -34, MEC-38, MEC-41, CEC-12. 
CEC-26, CEC-31, CEC-32, BEC - 7, BEC-9, BEC - 11, BEC 
- 14, BEC - 16, BEC - 17, BEC - 19, BEC-21, BEC-22, FEC 
- 26, FEC-30 
Table A6: Total Aerobic Plate Count (TAPC) and Coliform Count (TCC) 
from beef samples. 
Sample 
No. 
B-1 
B-2 
B-3 
B-4 
B-5 
B-7 
B-8 
B-9 
B-]0 
B-11 
B-12 
B-13 
B-14 
B-16 
B-17 
B-19 
B-20 
B-21 
B-22 
B-23 
B-24 
B-26 
B-27 
B-28 
B-29 
B-32 
B-33 
B-34 
B-3 5 
B-3 6 
B-39 
B-41 
B-42 
B-44 
* Values are 
Source 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
log mean ± 
SD; Standard deviation. 
Total Aerobic 
Plate Count 
(TAPC) log 
CFU/g 
(MeaniSD)* 
6.8±0.1 
6.8±0.3 
5.8±0.2 
6.9±0.4 
6.6±0.2 
5.7±0.1 
5.8±0.] 
6.6±0.2 
6.5±0.2 
6.5±0.2 
6.8±0.3 
5.6±0.2 
6.8±0.2 
6.9±0.3 
6.8±0.2 
6.7±0.1 
4.5±0.1 
5.0±0.2 
5.8±0.3 
6.5±0.1 
6.8±0.2 
6.8i:0.2 
6.8±0.2 
4.8±0.2 
5.0±0.1 
6.5±0.2 
6.8±0.3 
6.8±0.3 
6.7±0.2 
6.5±0.1 
6.6±0.2 
6.8±0.2 
6.8±0.2 
6.6±0.1 
SD. 
Total 
Coliform 
Count (TCC) 
log CFU/g 
(MeaniSD)* 
2.0±0.1 
4.6±0.2 
2.9±0.1 
3.4±0.1 
3.6±0.2 
4.5±0.2 
3.6±0.2 
3.0±0.1 
3.5±0.2 
3.0±0.1 
3.8±0.3 
2.6±0.1 
3.6±0.2 
3.5±0.1 
3.8±0.3 
3.6±0.2 
4.5±0.3 
4.0±0.2 
3.5±0.2 
3.8±0.3 
3.5±0.1 
4.7±0.2 
3.8±0.3 
3.5±0.2 
3.8±0.1 
3.8±0.2 
3.6±0.1 
3.6±0.1 
3.8±0.2 
3.6±0.2 
3,6±0.2 
3.0±0.1 
3.8±0.2 
3.5±0.1 
Table A7: Total Aerobic Plate Count (TAPC) and Total Coliform Count (TCC) from 
fish meat samples. 
Sample 
No. 
F-3 
F-7 
F-8 
F-9 
F-10 
F-11 
F-i;3 
F-14 
F-r7 
F-18 
F-19 
F-21 
F-23 
F-24 
F-25 
F-26 
F-27 
F-28 
F-30 
F-31 
F-3 6 
F-3 7 
F-42 
F-43 
F-44 
F-45 
F-46 
F-47 
F-48 
F-49 
F-51 
F-56 
F-57 
F-59 
F-63 
F-71 
F-73 
F-76 
F-78 
F-79 
F-80 
F-84 
F-8 8 
F-89 
F-95 
F-99 
Source 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Total Aerobic Plate 
Count (TAPC) log 
CFU/g (MeaniSD)* 
5.0±0.2 
6.6±0.2 
6.0±0.2 
5.5±0.3 
5.6±0.2 
5.6±0.3 
5.8±0.2 
5.6±0.2 
5.6±0.2 
5.5±0.2 
5.6±0.] 
6.8±0.2 
6.6±0.1 
5.9±0.2 
4.0±0.2 
5.8±0.2 
4.9±0.2 
5.0±0.1 
5.6±0,2 
5.6±0.2 
5.7±0.2 
5.3±0.2 
5.3±0.2 
5.7±0.2 
6.0±0.1 
5.8±0.2 
6.5±0.2 
5.6±0.2 
5.0±0.1 
6.3±0.2 
6.0±0.2 
6.3±0.3 
5.6±0.2 
6.7±0.2 
5.3±0.1 
6.6±0.2 
5.8±0.3 
5.6±0.2 
5.8±0.2 
6.9±0.2 
6.6±0.2 
6.6±0.5 
4.7±0.2 
5.8±0.2 
4.9±0.2 
5.6±0.2 
Total Coliform 
Count (TCC) 
log CFU/g 
(MeaniSD)* 
3.6±0.2 
3.0±0.2 
3.8±0.2 
4.6±0.2 
4.0±0.2 
3.5±0.1 
3.0±0.2 
3.8±0.2 
3.0±0.2 
3.5±0.2 
3.8±0.3 
3.6±0.2 
3.6±0.2 
3.0±0.2 
2.6±0.2 
4.0±0.2 
4.0±0.2 
2.8±0.1 
3.6±0.2 
3.0±0.1 
3.0±0.] 
3.8±0.2 
2.0±0.2 
3.6±0.2 
3.0±0.2 
3.6±0.2 
4.8±0.2 
4.0±0.2 
3.0±0.1 
3.6±0.2 
3.0±0.1 
3.5±0.2 
2.0±0.2 
3.6±0.3 
3.8±0.2 
4.6±0.3 
1.5±0.2 
3.0±0.1 
3.6±0.2 
2.8±0.2 
2.8±0.2 
3.0±0.2 
1.6±0.2 
2.0±0.2 
2.5±0.1 
2.0±0.1 
F-117 
F-120 
F-121 
F-122 
F-126 
F-127 
F-128 
F-130 
F-134 
F-135 
F-141 
F-146 
F-147 
F-148 
F-163 
F-166 
F-167 
F-169 
F-170 
F-173 
F-174 
F-181 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
7.8±0.2 
6.8±0.2 
6.5±0.2 
7.6±0.2 
5.8i-0.2 
5.5±0.2 
6.6±0.2 
5.0±0.2 
6.6±0.2 
5.8±0.2 
5.6±0.2 
5.9±0.1 
5.6±0.2 
6.8±0.2 
5.6±0.2 
7.0±0.1 
5.9±0.3 
5.6±0.2 
5.6±0.2 
7,0±0.3 
5.6±0.2 
5.9±0.2 
4.5±0.2 
4.0±0.2 
3.6±0.2 
2.0±0.2 
3.0±0.2 
1.7±0.2 
3.5±0.3 
1.6±0.2 
2.8±0.2 
2.5±0.2 
2.0±0.1 
2.0±0.2 
2.6±0.1 
2.0±0.1 
2.8±0.2 
3.0±0.2 
3.6±0.2 
2.0±0.1 
2.5±0.2 
1.7±0.2 
1.8±0.1 
2.0±0.2 
* Values are log mean ± SD, 
SD: Standard deviation. 
Table A8: Total Aerobic Plate Count (TAPC) and Coliform Count (TCC) from 
raw chicken samples. 
Sample 
No. 
C-2 
C-5 
C-6 
C-7 
C-8 
C-9 
C-10 
C-11 
C-!2 
C-13 
C-14 
C-15 
C-16 
C-18 
C-19 
C-20 
C-21 
C-22 
C-23 
C-24 
C-25 
C-26 
C-27 
C-28 
C-31 
C-32 
C-33 
C-34 
C-35 
C-37 
C-38 
C-39 
C-40 
C-41 
C-42 
C-43 
C-44 
C-46 
C-47 
C-5 7 
C-61 
C-63 
C-66 
C-67 
C-68 
C-70 
C-73 
C-74 
Source 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Total Aerobic Plate 
Count (TAPC) log 
CFU/g 
(MeaniSD)* 
6.6±0.2 
4.0±0.2 
6.0±0.2 
5.8±0.3 
5.0±0.2 
5.8±0.2 
6.0±0.2 
6.6±0.1 
6.0±0.4 
6.7±0.3 
7.8±0.2 
5.8±0.2 
5.8±0.3 
5.7±0.2 
7.6±0.2 
5.6±0.2 
6.8±0.2 
4.6±0.2 
5.8±0.2 
6.6±0.2 
5.6±0.2 
5.8±0.3 
5.5±0.2 
4.6±0.2 
5.8±0.2 
5.6±0.2 
5.8±0.2 
5.9±0.2 
6.9±0.3 
6.0±0.2 
6.7±0.2 
6.0±0.2 
5.8±0.2 
5.0±0.2 
5.8±0.2 
6.0±0.2 
7.8±0.2 
5.6±0.2 
5.8±0.2 
6.6±0.2 
5.8±0.2 
5.8±0.2 
5.0±0.2 
5.6±0.2 
4.0±0.2 
4.8±0.2 
4.0±0,2 
4.9±0.2 
Total Coliform 
Count (TCC) log 
CFU/g 
(MeaniSD)* 
3.0±0.2 
1.6±0.1 
3.6±0.2 
3.8±0.3 
4.5±0.2 
2.0±0.2 
3.0±0.2 
3.6±0.2 
3.0±0.1 
4.6±0.2 
2.5±0.1 
2.5±0.1 
1.8±0.1 
2.0±0.1 
1.6±0.2 
3.0±0.2 
3.0±0.2 
2.0±0.2 
2.8±0.] 
2.0±0.2 
2.0±0.2 
2.6±0.2 
2.0±0.2 
2.7±0.1 
2.8±0.2 
3.0±0.1 
1.7±0.2 
2.0±0.2 
4.6±0.2 
2.0±0.2 
2.0±0.3 
2.0±0.2 
1.6±0.1 
2.0±0.2 
3.0±0.2 
1.6±0.2 
2.5±0.1 
1.9±0.2 
3.6±0.2 
1.6±0.1 
1.8±0.2 
1.9±0.2 
1.6±0.2 
1.8±0.2 
].6±0.1 
1.8±0.2 
1.8±0.2 
1.5±0.2 
C-75 
C-76 
C-79 
C-84 
C-87 
C-88 
C-89 
C-9I 
C-93 
C-94 
C-95 
C-96 
C-97 
C-99 
C-102 
C-103 
C-104 
C-107 
C-108 
C-109 
C-111 
C-112 
C-113 
C-114 
C-1I6 
C-119 
C-122 
C-123 
C-124 
C-127 
C-128 
C-129 
C-130 
C-133 
C-134 
C-137 
C-138 
C-139 
C-140 
C-I4I 
C-143 
C-144 
C-146 
C-147 
C-148 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
4.0±0.4 
4.0±0.2 
4.8±0.2 
3.8±0.2 
3.5±0.2 
5.8±0.2 
5.6±0.2 
6.5±0.2 
4.6±0.2 
5.8±0.3 
6.0±0.2 
5.8±0.3 
7.5±0.2 
3.0±0.3 
3.8±0.3 
4.3±0.1 
3.0±0.2 
7.0±0.2 
6.0±0.2 
4.0±0.2 
6.5±0.2 
4.0±0.2 
4.0±0.2 
4.3±0.2 
5.8±0.2 
6.9±0.3 
4.0±0.2 
5.8±0.2 
6.5±0.2 
4.0±0.3 
4.6±0.2 
7.8±0.2 
4.0±0.2 
4.0±0.3 
4.8±0.2 
4.0±0.2 
3.8±0.3 
6.0±0.2 
6.9±0.4 
6.5±0.2 
6.0±0.2 
6.0±0.2 
6.6±0.2 
5.9±0.3 
6.9±0.3 
1.9±0.2 
2.0±0.1 
1.6±0.2 
1.6±0.2 
1.8±0.2 
1.7±0.2 
1.8±0.2 
2.0±0.I 
1.6±0.3 
1.8±0.2 
3.6±0.2 
2.0±0.1 
1.8±0.2 
1.6±0.2 
].8±0.2 
1.8±0.2 
i,6±0.1 
2.U0.2 
1.7±0.1 
2.0±0.3 
2.1±0.2 
1.8±0.2 
1.6±0.3 
2.0±0.2 
2.0±0.3 
1.7±0.2 
2.0±0.1 
1.9±0.2 
2.0±0.2 
I.8±0.2 
1.6±0.2 
2.0±0.3 
2.0±0.2 
].8±0.3 
2.0±0.2 
2.3±0.2 
1.6±0.2 
1.8±0.2 
1.6±0.2 
2.0±0.i 
1.8±0.2 
1.6±0.] 
3.6±0.2 
1.9±0.2 
1.8±0.3 
* Values are log meaniSD. 
SD; Standard deviation. 
Table A9: Total Aerobic Plate Count (TAPC) and Coliform Count (TCC) from raw 
milk and curd samples. 
Sample 
No. 
M-1 
M-4 
M-7 
M-8 
IVl-9 
M-23 
M-25 
lVl-26 
M-27 
M-31 
M-34 
M-38 
M-41 
M-46 
M-47 
M-48 
M-49 
M-53 
M-56 
M-58 
M-61 
M-63 
M-69 
M-74 
M-76 
M-77 
M-78 
M-83 
M-86 
M-88 
M-99 
M-103 
M-108 
M-111 
M-112 
M-126 
M-131 
M-132 
M-136 
M-139 
M-142 
M-144 
M-145 
CU-19 
Source 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Curd 
Total Aerobic 
Plate Count 
(TAPC) log CFU/g 
(MeaniSD)* 
4.6±0.2 
4.0±0.1 
4.0±0.1 
4.5±0.2 
4.8±0.2 
4.9±0.2 
4.3±0,3 
4.3±0,3 
4.0±0,2 
4.6±0,2 
4.0±0.2 
4.0±0.1 
4.3±0.2 
4.3±0.2 
4.0±0.3 
4,3±0.2 
4,8±0.2 
4.6±0.1 
4.5±0.2 
4.4.±0.2 
4,0±0.1 
4.6±0,2 
4.0±0.2 
4.6±0.1 
4.8±0.1 
4.6±0,1 
4.0±0.2 
4.0±0.2 
4.9±0.2 
4.3±0.1 
4.3±0.1 
4.8±0.2 
4.6±0.2 
4,0±0.1 
4.0±0.2 
4.3±0.1 
4.8±0.2 
4.0±0.2 
4.3±0.2 
4.6±0.3 
4.6±0.] 
4.5±0.2 
4.8±0.1 
4.0±0.2 
Total Coliform 
Count (TCC) 
log CFU/g 
(MeaniSD)* 
2.8±0.1 
2.5±0.2 
2.9±0.2 
2.0±0.2 
2.8±0.3 
2.3±0.2 
2.8±0.2 
2.9±0.2 
2.0±0.1 
2,6±0.2 
2.5±0.2 
2.0±0.2 
2.0±0.3 
2.3±0.2 
2.0±0.2 
2.8±0.1 
2.5±0,1 
2.0±0.! 
2.0±0,! 
2.5±0.2 
2.0±0.2 
2.0±0.2 
2.8±0.2 
2,8±0.2 
2.3±0.1 
2,6±0.1 
2.0±0.2 
2.0±0.2 
2.3±0.2 
2.0±0.l 
2.6±0.1 
2.0±0.2 
2.0±0.2 
2.6±0.2 
2.0±0.2 
2.0±0.1 
2,6±0.2 
2.0±0.1 
2.0±0.1 
2,0±0.1 
2.6±0.2 
2.0±0.2 
2.8±0.2 
2.0±0.2 
* Values are log mean±SD. 
SD; Standard deviation. 
Table AlO: C. jejuni Count from various food samples. 
Sample No. Source C. jejuni Count log 
CFU/g (MeaniSD)* 
B-7 
B-i3 
B-21 
B-22 
B-39 
F-17 
F-18 
F-44 
F-59 
F-63 
F-121 
F-163 
F-167 
C-6 
C-9 
C-IO 
C-15 
C-16 
C-i8 
C-22 
C-23 
C-24 
C-25 
C-28 
C-34 
C-37 
C-41 
C-43 
C-44 
C-46 
C-47 
C-61 
C-66 
C-67 
C-68 
C-70 
C-73 
C-74 
C-75 
C-76 
C-79 
C-84 
C-87 
C-88 
C-93 
C-95 
C-99 
C-102 
C-103 
C-104 
C-108 
C-109 
C-112 
C-113 
C-114 
C-116 
C-119 
C-122 
C-123 
C-i27 
Beef 
Beer 
Beef 
Beef 
Beef 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Raw chicken 
Raw chiciceti 
Raw chicicen 
Raw chicj^ en 
Raw chiclcen 
Raw chiclcen 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw cliicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
1.0±0.4 
2.6±0.1 
1.0±0.6 
1.6±0.2 
2.8±0.1 
2.6±0.1 
2,0±0.1 
2.6±0.2 
2.5±0.4 
2.6±0.2 
2.6±0.2 
2.8±0.2 
3.6±0.1 
1.5±0.2 
1.8±0.2 
2.0±0.1 
2.0±0.i 
2.3±0.1 
1.8±0.3 
2.6±0.1 
1.9±0.2 
2.0±0.2 
2,0±0.1 
l,8±0.2 
2.0±0.1 
2.6±0.2 
1.8±0.3 
2,0±0.2 
1.7±0.2 
2.0±0.1 
2.6±0.2 
2.9±0.2 
3.5±0.2 
2.6±0,1 
3.0±0.3 
3.6±0.2 
3.3±0.l 
3.0±0.I 
3.5±0.2 
2.8±0.3 
2.0±0.1 
2.6±0,2 
3.7±0.2 
3.0±0.2 
2.0±0.2 
3.6±0.1 
3.0±0.1 
3.8±0.2 
2.7±0.2 
3.0±0.l 
3.0±0.2 
3.8±0.2 
5.3±0.2 
5.8±0.2 
5.6±0.1 
3,9±0.2 
3.6±0.2 
4.0±0.1 
5.0±0.2 
4.8±0.2 
C-128 Raw chicken 4.6±0.3 
C-I30 Raw chicken 5.0±0.1 
C-133 Raw chicken 3.6±0.2 
C-134 Raw chicken 4.0±0.2 
C-137. Raw chicken 4.6±0.2 
C-138 Raw chicken 5.0±0.2 
C-139 Raw chicken 3.6±0.1 
C-143 Raw chicken 3.5±0.1 
C-144 Raw chicken 4.0±0.2 
C-146 Raw chicken 3.6±0.2 
C-147 Raw chicken 4.0±0.1 
M-77 Raw milk 1.8±0.1 
* Values are log mean ± SD. 
SD; Standard deviation. 
Table All : L. monocytogenes count from various food samples. 
Sample 
No. 
B-3 
B-17 
B-20 
B-32 
B-35 
F-13 
F-21 
F-44 
F-45 
F-73 
F-147 
F-148 
F-I73 
C-2 
C~5 
C-6 
C-19 
C-24 
C ^ 3 
C-111 
C-116 
C-129 
M-31 
M-Al 
CU-19 
* Values are 
Source 
Beef 
Beef 
Beef 
Beef 
Beef 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw milk 
Raw milk 
Curd 
log meaniSD. 
SD; Standard deviation. 
L. monocytogenes 
Count log CFU/g 
(MeaniSD)* 
2.9±0.1 
1.0±0.4 
1.5±0.3 
2.6±0.6 
2.0±0.1 
1.9±0.1 
1.5±0.4 
1.5±0.2 
2.0±0.2 
1.6±0.1 
2.5±0.3 
2.8±0.2 
2.0±0.1 
2.3±0.3 
2.0±0.2 
1.7±0.1 
1.8±0.1 
2.0±0.2 
2.6±0.3 
3.8±0.1 
3.0±0.2 
2.8±0.2 
3.8±0.2 
4.0±0.2 
2.6±0.2 
Table A12: S. aureus count from various food samples. 
Sample 
No. 
B-] 
B-4 
B-5 
B-11 
B-12 
B-14 
B-21 
B-24 
B-27 
B-28 
B-29 
B-32 
B-34 
B-35 
B-36 
B-39 
B-41 
B-42 
F-17 
F-21 
F-23 
F-24 
F-25 
F-28 
F-36 
F-37 
F-42 
F-43 
F-46 
F-49 
F-51 
F-56 
F-57 
F-71 
F-76 
F-78 
F-79 
F-80 
F-84 
F-122 
F-126 
F-128 
F-166 
F-169 
F-170 
F-173 
F-174 
F-181 
C-7 
Source 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Raw chicken 
S. aureus 
count log 
CFU/g 
(MeaniSD)* 
I.8±0.2 
3.0±0.4 
2.5±0.1 
3.6±0.2 
2.8±0.1 
2.6±0.1 
l.OiO.l 
1.6±0.2 
1.6±0.2 
1.8±0.1 
I.6±0.3 
2.8±0.1 
2.6±0.1 
3.0±0.2 
2.0±0.2 
3.0±0.1 
2.6±0.2 
2.8±0.2 
2.9±0.3 
].8±0.1 
2.6±0.2 
2.0±0.2 
2.6±0.2 
3.0±0.1 
3.0±0.3 
3.6±0.2 
3.0±0.1 
2.4±0.1 
3.0±0.2 
3.0±0.1 
2.6±0.1 
2.8±0.2 
3.0±0.3 
1.7±0.1 
2.0±0.2 
2.0±0.2 
2.6±0.2 
3.0±0.1 
3.0±0.2 
2.6±0.2 
2.0±0.2 
2.7±0.1 
3.3±0.4 
2.0±0.1 
2.0±0.2 
2.5±0.] 
2.6±0.1 
2.8±0.1 
2.6±0.2 
C-9 
C-IO 
C-11 
C-14 
C-~19 
C-21 
C-24 
C-25 
C-31 
C-33 
C-34 
C-38 
C-39 
C-40 
C ^ 4 
C-57 
C-63 
C-66 
C-67 
C-88 
C-89 
C-91 
C-94 
C-96 
C-97 
C-107 
C-I08 
C-119 
C-123 
C-124 
C-129 
M-4 
M-7 
M-23 
M-46 
M ^ 8 
M-49 
M-58 
IVI-61 
M-63 
M-69 
M-74 
M-76 
M-77 
M-78 
M-83 
M-86 
M-88 
M-99 
M-103 
M-126 
M-132 
M-136 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
3.0±0.2 
2.0±0.1 
2.7±0.2 
2.0±0.1 
1.6±0.4 
2.0±0.] 
1.6±0.1 
2.9±0.2 
2.0±0.1 
2.8±0.2 
3.6±0.2 
3.5±0.2 
3.0±0.1 
3.6±0.2 
2.0±0.2 
3.5±0.1 
3.7i0.3 
3.0±0.2 
3.6±0.1 
3.6±0.1 
3.0±0.2 
3.8±0.2 
3.6±0.1 
3.3±0.2 
2.6±0.1 
2.0±0.1 
3.0±0.2 
3.8±0.2 
2.0±0.4 
3.3±0.2 
2.0±0.2 
3.0±0.2 
2.8±0.2 
3.8±0.2 
4.0±0.2 
3.6±0.1 
3.5±0.3 
3.8±0.2 
4.6±0.1 
4.8±0.3 
4.0±0.2 
4.0±0.1 
3.6±0.1 
3.8±0.2 
3,6±0.3 
2.8±0.1 
3.0±0.2 
3.8±0.2 
3.0±0.2 
3.8±0.1 
3.0±0.2 
3.0±0.1 
3.6±0.2 
* Values are log mean±SD. 
SD: Slandard deviation. 
Table A13: E. coli count from various food samples. 
Sample 
No. 
B-1 
B-2 
B-7 
B-8 
B-9 
B-10 
B-U 
B-14 
B-16 
B-17 
B-19 
B-21 
B-22 
B-23 
B-24 
B-26 
B-27 
B-28 
B-29 
B-33 
B-42 
B-44 
F-3 
F-7 
F-8 
F-10 
F-14 
F-18 
F-19 
F-2I 
F-26 
F-27 
F-28 
F-30 
F-31 
F-43 
F-44 
F-45 
F-48 
C-7 
C-8 
C-11 
C-12 
C-13 
C-14 
C-20 
C-21 
C-23 
C-26 
C-27 
Source 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Beef 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Fish meat 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
E. coli count 
log CFU/g 
(MeaniSD)* 
1.5±0.2 
3.0±0.4 
2.0±0.1 
3.0±0.2 
2.6±0.1 
2.0±0.1 
3.5±0.2 
2.6±0.2 
2.0±0.1 
2.6±0.3 
1.8±0.1 
3.6±0.1 
2.0±0.2 
2.5±0.2 
1.8±0.1 
2.6±0.2 
1.5±0.2 
1.6±0.3 
1.8±0.1 
3.6±0.2 
1.7±0.2 
2.0±0.2 
l.SiO.l 
2.0±0.3 
2.5±0.2 
3.0±0.1 
2.8±0.3 
2.5±0.2 
2.0±0.1 
2.0±0.1 
2.5±0.2 
3.6±0.1 
2.0±0.1 
2.7±0.2 
2.5±0.1 
3.0±0.2 
2.6±0.1 
2.8±0.4 
2.5±0.] 
2.6±0.2 
3.0±0.2 
2.5±0.2 
2.8±0.1 
3.6±0.2 
1.9±0.2 
2.0±0.2 
2.6±0.1 
2.8±0.1 
2.6±0.1 
2.8±0.2 
C-28 
C-31 
C-32 
C-35 
C-42 
C-44 
C-47 
M-] 
M-4 
M-8 
M-9 
M-23 
M-25 
M-26 
M-27 
M-34 
M-38 
M-41 
M-56 
M-58 
M-77 
M-108 
M-l!l 
M-112 
M-139 
M-I42 
M-144 
M-145 
* Values are 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw chicken 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
Raw milk 
log meaniSD. 
SD; Standard deviation. 
3.5±0.2 
2.0±0.1 
2.5±0.4 
3.8±0.l 
2.6±0.2 
1.6±0.2 
2.0±0.1 
3.0±0.2 
3.5±0.2 
3.7±0.2 
3.0±0.1 
2.8±0.1 
3.5±0.2 
3.0±0.1 
3.8±0.1 
3.5±0.1 
3.9±0.2 
3.6±0.2 
3.0±0.2 
3.5±0.l 
2.8±0.1 
3.6±0.2 
3.0±0.1 
3.5±0.1 
3.8±0.1 
3.6±0.2 
3,6±0.2 
3,0±0.1 
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Summary 
Food borne diseases are widespread and growing public health problem in 
developed and developing countries both. In developing countries including India, the 
magnitude of food borne illness is very high. The majority outbreaks of food borne 
disease are unreported, unrecognized or un-investigated. A variety of micro-
organisms are associated with food borne diseases Salmonella, Campylobacter jejuni, 
S. aureus, C. perfringens and Y. enterocolitica Bacillus cereus, E. coli, Enterobacter 
spp. faecal coliforms. Listeria spp., Shigella spp., S. aureus, S. Typhi, Streptococci 
spp., Vibrio spp. and Yersinia spp. (Bansal and Kaul, 2004; Amruthasri and Devi, 
2005; CD Alert, 2009). Food safety has been recognized as major issue with 
international trade and public health implications both at national and International 
level (Sudershan et al., 2009). There is serious concern required about the 
communication of food borne diseases and early identification of the pathogen with 
the aim of preventing these hazards from becoming real risks and causing diseases 
(Kleter and Marvin, 2009; ICEID. 2012). 
Conventional bacterial identification methods rely on selective media and 
regarded as golden standards for the identification of bacterial pathogens. However, 
these cultural methods are time consuming and labor intensive. Therefore, there are 
great demands of rapid methods that can be useful to quickly screen large number of 
samples. The advent of molecular biology techniques has greatly improved food 
testing method. The polymerase chain reaction (PCR) based methods developed for 
the detection and ideniiHcation of food borne bacteria is mainly based on 16S rRNA 
and virulence gene of specific group of bacteria which provide specific level 
identification (Linton ct al., 1997; Asma et al., 2009; Pourmand et al., 2009; Moussa 
et al., 2010; Navidinia cl al., 2012). The various virulence factors such as hippuricase, 
listeriolysin, invasion, ciiterotoxin and verotoxin have been recognized and used 
specifically for the detection of C jejuni, L. monocytogenes, Salmonella spp., S. 
aureus and VTEC respectively. The detection based on virulent genes provides an 
advantage to direct inloimation about the pathogenic potential of the organism. Both 
conventional and PCR based methods have their own advantage and limitafions 
however, the development of standardized PCR techniques will be helpful to assess 
the food borne contamination more quickly and accurately. This requires a systematic 
assessment of local food samples, both by conventional and PCR based methods to 
obtain data on prevalence of pathogens in a particular region and to suggest remedies. 
The systematic investigation of various foods in majority of northern India 
here under studied has not been reported previously. Therefore, the present study has 
planned with following aims and objectives; (i) to study prevalence of common food 
borne bacterial pathogens in various foods (ii) to assess the bacterial load in selected 
food samples (iii) to detect Campylobacter Jejuni, Listeria monocytogenes. 
Salmonella spp., Staphylococcus aureus and Verotoxic E. coli by standardized PCR 
methods (iv) to standaidize multiplex PCR for simultaneous detection of Listeria 
monocytogenes, Salmonella spp. and Staphylococcus aureus (v) to detect 
Campylobacter jejuni. Listeria monocytogenes, Salmonella spp., Staphylococcus 
aureus and Verotoxic /;". coli in spiked food samples by cultural and PCR methods 
(vi) to assess the antibiotic resistance profile among selected strains of food borne 
bacterial pathogens. The major findings of the present investigation are summarized 
below; 
Isolation and biochemical characterization of food borne bacterial pathogens 
from collected samples 
In the present study, a total of 650 samples from various food sources were 
subjected to isolate fi^ c food borne bacterial pathogens (Campylobacter jejuni. L. 
monocytogenes. Salmonella spp., S. aureus and E. coli) using standard procedure of 
USFDA. A total of 79 pathogenic E. coli isolates were confirmed for cytotoxicity 
assay on Vero cell lines. Of these 79 E. coli isolates, only 20 isolates showed a 
cytopathic effect on \'cro cells and characterized as Verotoxic E. coli (VTEC). 
Among pathogenic isolates the serotype O60 was found to be most frequent serotype 
isolated in this study. 
Prevalence of bacteriii! pathogens in food samples 
Based on cultural and biochemical methods the overall prevalence of C jejuni 
was found 13.09% (72 isolates) from total collected 550 samples. Similarly, 
occurrence of L monocytogenes (3.8%), Salmonella spp. (7.4%), S. aureus (18.5%) 
and pathogenic E. coli (26.3%) were isolated from their total respective samples 
screened for individual bacterial pathogen. The prevalence of C. jejuni was observed 
highest (38.6%) from raw chicken meat followed by beef (10%)), fish meat (4%)) and 
raw milk (0.6%). Similarly, L. monocytogenes was recovered highest (6.0%) from raw 
chicken meat followed by fish meat (4%), beef (2.5%), curd (2%) and raw milk 
(1.3%). Salmonella spp. were found highest (11%) in fish meat followed by raw 
chicken meat (8%), beef (4%)) and raw milk (3.3%)). The highest (36%o) occurrence of 
S. aureus was confirmed in beef which was followed by raw chicken (21.3%)), fish 
meat (15%) and raw milk (14.6%o). In our study, E. coli was recovered highest from 
beef (44%), raw chicken meat (38%), fish meat (34%) and raw milk (14%). 
Enumeration of bacteria in food samples 
Food samples found positive for the presence of one or more groups of 
pathogenic bacteria were selected to assess the microbiological quality of raw meat, 
raw milk and milk products in terms of viable counts on the following parameters; 
The total aerobic plate count for various food samples understudied was from log 3.0 
to log 7.8 cfu g''. In this study, 73.5%) samples showed count between log 6.0 to log 
6.9 cfu g" among beef samples whereas majority offish samples 60.2%) showed count 
between log 5.0 to log 5.9 cfu g"'. Whereas in raw chicken meat samples where 35.4% 
samples showed TAPC of >log 6.0 cfu g"'. 
The total coliforms observed from various food samples varied between log 1.0 to log 
4.8 cfu g"'. In our findings, 76.4%o beef samples, exhibited values from log 3.0 to log 
3.9 cfu g", whereas, among fish meat samples majority of samples (63.6%o) showed 
count between log 3.0 to log 3.9 cfu g''. A large amount (82.7%)) of samples showed 
count of < log 3.0 to log 3.9 cfu g" in raw chicken meat. In all (100%) raw milk and 
curd samples the coliform count was found between log 2.0 to log 2.9 cfu g" . 
In the present study, Cmupylobacter load of log 1.0 to log 5.8 cfu g" was evaluated. 
Among beef and fish meat (69.2% each) showed count between log 2.0 to log 2.9 cfu 
g"'. Overall, 65.5% raw chicken samples showed count between log 2.0 to log 3.9 cfu 
o 
The enumeration of I. uionocytogenes, the count in various food samples was found 
between log 1.0 to log 3.8 cfu g"'. Among beef samples the L. monocytogenes count 
was varied from log 1.0 to log 2.9 cfu g"' whereas among fish meat samples varied 
from log 1.5 to log 2.8 cfu g"'. The load of Z,. monocytogenes was observed between 
log 1.7 to log 3.8 cfu g"' among raw chicken meat samples, whereas, two raw milk 
samples screened showed L. monocytogenes count of log 3.8 cfu g"l and log 4.0 
cfug"'. 
The presence of 5. aureus among various food samples was evaluated between log 1.0 
to log 4.8 cfu g" . The pathogen was traced between log 3.0 to log 3.8 cfu g"' among 
maximum (68.1%) samples. 
The E. coli load was found between log 1.5 to log 3.9 cfu g' for various food samples. 
Overall, 84.2% samples showed count between log 2.0 to log 3.8 cfu g"'. The 
enumeration ofE. coli in raw milk found that 90.4% samples showed the E. coli count 
between log 3.0 to 3.9 cfu g"'. 
Detection of bacterial pathogens based on specific gene by PCR isolated from 
food samples 
A total 319 bacterial isolates were obtained by cultural method. Further, the 
presence of specific gene confirmed by PCR for Campylobacter jejuni (hip'O'), L. 
monocytogenes (hlyA). Salmonella spp. (invA), S. aureus (seA) and Verotoxic E. coli 
{vti & vt2). The standardized hip'O' gene specific reaction for C. jejuni generated a 
clear band at 735 bp. The L. monocytogenes isolates identified on the basis of hlyA 
gene specific PCR assay, which generated a clear band at 234 bp. The PCR product of 
389 bp was obtained aficr standardized PCR assay targeting invA gene for Salmonella 
spp. identification. The ^eA gene based PCR assay for S. aureus identification 
generated a PCR product of 120 bp. Similarly, VTEC were identified targeting vti and 
vt2 genes in separate PCR assay. The PCR products of 349 bp and 478 bp were 
generated from these standardized PCR assay. 
Food borne pathogens (C jejuni, L. monocytogenes, Salmonella spp. , S. 
aureus and pathogenic E. coli) isolated and characterized biochemically were 
subjected to PCR analysis for the detection of specific gene such as hip'0\ hlyA, 
invA, seA and vt/ & r/^ . The PCR assay was turned out poshive in 68 (94.4%) C. 
jejuni, 25 (100.0%) for L. monocytogenes, 41 (100.0%) for Salmonella and 29 
(28.4%) for S aureus and 20 (25.3%) for VTEC. 
Overall, the detection of/z/p'O'gene was confirmed in 68 (12.3%) isolates for 
C. jejuni from total samples collected. The presence of hlyA gene was confirmed in 
25 (3.8%) L. monocytooenes. Similarly, in 41 (7.4%) Salmonella isolates, invA gene 
assay was turned out positive. The presence of seA gene was confirmed in 29 (5.2%) 
S. aureus whereas 20 (6.6%) for VTEC. 
Multiplex PCR (m-PCR) 
In this study, a multiplex PCR assay was designed for the simuhaneous 
detection of Salmonella, S. aureus and L. monocytogenes in beef, cheese, raw milk 
samples. The samples were spiked and screened for detection of 3 bacterial pathogens 
(Listeria monocytogenes, 163 bp of origin of replication (oriC) of Salmonella 
Typhimurium and 270 bp of nuclease (nuc) gene of Staphylococcus aureus 
simultaneously both by cultural and multiplex PCR method. The concentration of 2.5 
mM MgCl2, 0.4 mM dNTPs, and 10 pmol of each primer were used to give optimal 
results. 
The sensitivity of standardized m-PCR assay was evaluated by heat lysed 
DNA from 10 fold serially diluted standard cultures of Listeria monocytogenes. 
Salmonella typhimurium and Staphylococcus aureus from beef, cheese and raw milk. 
The minimum level of detection was found to be 10 cells/ml in all food samples 
examined. 
Cultural and PCR methods in spiked food samples 
The cultural and PCR methods based detection was carried out in spiked food 
samples. Analysis revealed that all bacteria were detected upto 10 cells/ml in all food 
samples by cultural and PCR method both except in case of C. jejuni, where the 
detection upto 100 cells/ml was found positive by cultural methods. However, PCR 
was turned out positive upto 10 cells/ml in both types of food samples. 
Antibiotic resistance ol' isolates 
A total of 119 randomly selected isolates of C. jejuni, L. monocytogenes, 
Salmonella spp., S. aureus and Verotoxic E. coli from total PCR confirmed isolates 
(183) were examined for their antibiotic resistance pattern. Therefore, different 
pathogens were tested against a set of antibiotics The C. jejuni isolates (30) from 
various food sources were examined against 9 antibiotics. Overall, the resistance 
against cephalothin (86.6%) was highest followed by co-trimoxazole (73.3%), 
chloramphenicol and iclracycline (60.0% each), erythromycin (13.3%)), ciprofloxacin 
and gentamycin (3.3%, each). No resistance was observed against azithromycin and 
nalidixic acid. 
Similarly, antibiotic sensitivity against 8 antibiotics was also observed among 
L. monocytogenes and revealed highest resistance (30%) to penicillin followed by 
chloramphenicol and tetracycline (20% against each). Only 10% isolates were found 
resistant to ampicillin, cephalothin, ciprofloxacin, gentamycin and trimethoprim. 
Among 30 tested Salmonella isolates 10 (33.3%) isolates were resistant to ampicillin 
and cephalexin each followed by 6 (20.0%)) ciprofloxacin, and 5 (16.6%) to 
tetracycline. It was also found that no Salmonella isolates were resistant to the 
chloramphenicol, gentamycin, nalidixic acid and streptomycin. 
In most of S. aureus isolates, highest resistance (44.4%) was observed to 
penicillin followed by streptomycin and ampicillin (27,5% each). Chloramphenicol 
was observed as most eilective (3.4% resistance) antibiotic. Among 20 VTEC tested 
isolates, highest (80.0%) resistant to ampicillin and nalidixic acid was observed which 
was followed by strepu>mycin, tetracycline, cephalexin, gentamycin, co-trimoxazole 
and norfloxacin. In this study, multiple drug resistance (resistance to >3 antibiotics) 
was observed among 15 (75.0%) VTEC, 19 (63.3%) C jejuni, 07 (23.3%) 
Salmonella, 05 (17.2%) .S*. aureus and 3 (3.3%) L monocytogenes isolates. 
The findings of the present investigation may be concluded as follows: 
• The microbial contamination of various food samples are in the order of beef>raw 
chicken > fish meal > raw milk > curd > cheese. In many cases especially beef 
and raw milk samples where the level of contamination was found above the 
standard guideline, indicating poor microbiological quality of the food samples. 
• The food borne pathogens under this investigation are more commonly 
encountered in meat cultural methods were found in various frequencies among 
beef (Pathogenic E. coli > S. aureus > C. jejuni > Salmonella spp. > L. 
monocytogenes), flsli meat (Pathogenic E. coli > S. aureus > Salmonella spp. > C. 
jejuni and L. monacviogenes), raw chicken (C. jejuni > Pathogenic E. coli > S. 
aureus > Salmonella spp. > L. monocytogenes), raw milk (5*. aureus > Pathogenic 
E. coli and Salmonella spp. > L. monocytogenes > C. jejuni). 
• The bacterial pathogens were characterized further by standardized PCR method 
targeting specific t'cne which provided more specific detection and confirmation 
of these bacterial isolate. 
• The standardized PCR methods were further tested in spiked food samples and 
found effective for ;hc direct detection of these bacterial pathogens. 
• To find out the PCR method more effective and economical the multiplex PCR 
(m-PCR) was developed with the three bacterial pathogens viz. L. monocytogenes. 
Salmonella typhymiirium and S. aureus. Such m-PCR could be effectively used in 
spiked food samples. 
• Varying incidence of antibiotic resistance against common antibiotics was 
recorded among selected pathogens studied. Multiple drug resistant (MDR) is also 
encountered in pathogenic isolates. 
Recommendations and future work plan: 
Significant bacterial contamination among foods under investigation was found. The 
most probable reason is expected due to poor hygienic conditions and practices 
adopted by food handlers. Therefore, it is suggested that implementation of Good 
Manufacturing practices (GMP) and Good Hygiene Practices (GffP) should be 
ensured to maintain the good quality of foods. In future, the isolated and characterized 
bacterial pathogens nia}' be further subjected to 16S rRNA analysis, development of 
more uniplex and m-PCR assay to be used in natural food samples for detection of 
these bacterial pathogens alone or simultaneously, the role of other virulence factors 
may be investigated as suitable marker and molecular linkage between drug resistance 
gene and associated virulence gene may also be explored. 
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